AD-AL16 590 SRI INTERNATIONAL MENLO PARK CA F/6 15/5

AN EXPANSION OF BALFRAM TO INCLUDE EXPLICIT REPRESENTATION OF L==ETC(U)
JUN 82 L C GOHEEN» B LAURENCE» R H MONAHAN N00167-50-C-017Q
UNCLASSIFIED

[ or 2
‘w




AD A116590 C

June 13982

Final Report

AN EXPANSION OF BALFRAM
TO INCLUDE EXPLICIT REPRESENTATION
OF LOGISTICS FUNCTIONS

8y LOLA C. GOHEEN BERT LAURENCE RICHARD H. MONAHAN i

Prepared for:

DAVID W. TAYLOR NAVAL SHP
RESEARCH AND DEVELOPMENT CENTER
BETHESDA, MARYLAND 20084

CONTRACT N0O0167-80-C-0174

DTIC |

S FELECTE
-y Y
ey JULG 1982

Approved for public 1eleasel
Distribution Unlimited B

e - e

A
i
b
{

333 Ravenswood Avenue

Menlo Park, California 94025 U.S.A.

(415) 326-6200 »
Cable: SRI INTL MPK «a Q7 0 23 0

TWX: 910-373-2046

D S Vo,




T N 2017 0 NSNS o « e i - o FRMIASAE SV - 1 s e et i mas O

SR Infrernational

Final Report

AN EXPANSION OF BALFRAM
TO INCLUDE EXPLICIT REPRESENTATION
OF LOGISTICS FUNCTIONS

By: LOLA C. GOHEEN BERT LAURENCE RICHARD H. MONAHAN

Prepared for:
DAVID W. TAYLOR NAVAL SHiP

RESEARCH AND DEVELOPMENT CENTER
BETHESDA, MARYLAND 20084

CONTRACT N00167-80-C-0174
SRI1 Project 2216

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED.

Approved by:

JACQUES NAAR, Director
Center for Defense Analysis

DAVID D. ELLIOTT, Vice President
Research and Analysis Division

333 Ravenswood Avenue * Menio Park, California 94025 * U.S.A.
(415) 326-6200 °* Cable: SR! INTL MPK ° TWX: 910-373-2046

1 /1

June 1982




UNCLASSIFIED
SECURITY CLASSIFICATION QF THIS PAGE (When Data Entered)

READ INSTRUCTIONS

REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
1. REPORT NUMBER 2. GOVT ACCESSION NO. | 3. RECIPIENT'S CATALOG NUMBER
DAe ST
4. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED
An Expansion of Balfram to Include Explicit Final report covering the
Representation of Logistics Functions period September 1980

through June 1982

6. PERFORMING ORG. REPORT NUMBER

7. AUTHORIS) SRI Project 2216

8. 68NTRA9T OR GRANT NUMBERIs)

L.C. Goheen ntract
B. Laurence N00167-80-C-0174
R.H. Monahan
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK

SRI International AREA & WORK UNIT NUMBERS

333 Ravenswood Ave.
Menlo Park, CA 94025

12. REPORT DATE 13. NO. OF PAGES
17, CONTROLLING OFFICE NAME AND ADDRESS ] 1982
; . une
David W. Taylor, Naval Ship Research and 5 SECURITY CLASS (of this renors
Development Center, Code 187
Bethesda, Maryland 20084 UNCLASSTFIED

14. MONITORING AGENCY NAME & ADDRESS (if diff. from Controifing Office)

15a. DECLASSIFICATION/DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from report}

18. SUPPLEMENTARY NOTES

b

19. KEY WORDS (Continue on reverse side if necessary and identify by block number)

Logistics Support/Logistics Planning
Force Requirements

Supply Distribution

Evaluation Model

w‘iBSTRACT (Continue on reverse side if necessary and identify by block number)

The Balanced Force Requirements Analysis Model (BALFRAM) is a deterministic, ex-
pected value model that permits the rapid determination of the numbers and kinds
of balanced General Purpose Forces necessary to carry out specific contingency
plans. The original BALFRAM does include consideration of the effects of logis-
tics shortfalls on the effectiveness of combat units. However, there are several
shortcomings in the manner in which logistics is modelled within the BALFRAM
structure. The research described in this report was directed toward remedying

some of these shortcomings. This effort was segregated into two separate componenfs.

DD 1 i?\:mn 1473 UNCLASSIFIED

EDITION OF 1 NOV 65 IS OBSOLETE SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)
iidi




UNCLASSIFLED

S RITY ASSIFICATION OF THIS PAGE (When Data Entered]
19. KEY WORDS (Continued)

e o

20 ABSTRACT (Continued)

“The first component of the research was directed to improving the logistics
features of BALFRAM itself. One major improvement was to allow for multiple
supply classes. A second major improvement was to allow the user more flexibility
in the selection of the transfer function which computes a unit's operability fac-
tor, which reflects its combat effectiveness degrada$ion resulting from a supply
shortfall in each of the multiple supply classes._= \

—
The second component of the research involved the development of a SUPPLY DISTRI-

BUTION MODULE. This module, which is a separate adjunct to BALFRAM, is a computer
program that models the transporting of supplies to the theater area that would be
represented within a BALFRAM scenario. Joint usage of BALFRAM and the module will j
first require a BALFRAM run to establish the requirements imposed on the pipeline

providing supplies to the theater area. Then the SUPPLY DISTRIBUTION MODULE would
be run to determine the pipeline characteristics necessary to meet these require-

ments.

ey

Accoasion For
- R
Y DS ERN D ¢ B,

DTIC T3 3
Unwn s zd 3
WowetoLenton L
Juz —
———— o e PR [
Bv.. .. I—

Distritutia/ o
Avialiabtility Codes
Avaty and/or

Dist Tpacinl

.
Al

INBPECTED
[

DDv :2:':31473(8'“:'() UNCLASSIFIED

EDITION OF t NOV 65 IS OBSOLETE SECURITY CLASSIFICATION OF THIS PAGE (When Date Entereqa)

- [




CONTENTS

PREFACE. .ciertecnssanesnsseocsnossossnascoesccsssessensacsse X1
LIST OF ILLUSTRATIONS.::etseesveocasssoscssnceassssoeness.,, Vii

LIST OF TABLES...eveeeosescacrsensavosscassonsenssosscnssanss  1X ‘

I INTRODUCTION AND SUMMARY......se0severcvoscevsscosannons 1

A. Intl‘oduction.........---o-.-.......-.-o-ooo------ 1

1. General.ccescreascasvesssossscansesssncssnne
2. BALFRAM Logistics Improvement ....eesecveese

3. SUPPLY DISTRIBUTION MODULE Development......
y, Report Structure....ccsscessesssssscscsccses

Fw N=

(9]

B. SUMMAr Y. eoeessasesscnssorsassvnesnssssussssnsnssae

1. BALFRAM Overview,,.sceeceeecsassssscsasssns 5
2. Logisties Shortcomings and Improvements

in BALFRAM. . iiveeveccnorocnnvcassencanscna
3. SUPPLY DISTRIBUTION MODULE.+.+seveesssnnsnens

o <

II BALFRAMQQ.O..0!..l...'l....l.lU'...l.l..‘....'.l.l.l.'. 13
A. OVervVieW. . iseceessssssoessnscsoncsoscssassssssasssns 13

1. General.c.ieecescesssssccsssssnasssonnenses 13
2. Scenario Geography.cecscecsscevesssannessas 13
3. Force Description..ceececcsesssoscnsccassss 14
y, Contingency LOgiC..eeseeessesnscsssscsnsnns 14
5. Engagement SimulatioN.....eesesescccsssncns 15
6. Logistics SimulatioN..cevsescevesoncnnssans 16
7. REePOrt8.veeeecsecesssssasascacnsssssnannnns 17
8. User ControlS....ceecersssssasasescnssacanaes 17

B. Model Structure and RequirementsS.,.....ceoceeescss 18

1. Hardware CharacteriStiCS...cceeeeccccccvesns 18
2. Software Architecture.....ceeeeecesecscanecs 18

c. Model LogistiCS.veeceassescrconcesassansccsssnass 19

D. Description of Model Attrition......eveeevsesssss 21

{
H
i
£

E. SUMMAr Y. eressosescaasssonsosssssssssscsasssassescs 23

III IMPROVED BALFRAM LOGISTICS:seeescococcssesssossossossss 25

v




Al Logistics Representation in BALFRAM...........
? B. Shortcomings of Logistics Simulation...,........
2 C. Logistics Improvements to BALFRAM..............
{ D. [mplementation Strategy.....coveeeeereneecosnns
IV SUPPLY DISTRIBUTION MODULE..ueeecaoveeceoscocsoenncaneas
: A. GeNEral..covesessosssscssnssssscssonsscssonssssane
é B. Module DeScription....cveaserencontcnoroesencnces
{ 1. Initialization...eeeeeessssssoscrvsccessens
: 20 COHtl"Ol..........-..-....--....-.-.........
i 3. Cargo Carrier Arrival Processing......eoc..
4, ISP Emergency Supply Level Processing......
5. User Safety Level Processing.....ccecesecees
6. User Withdrawal ProcessSing....ceceeseeccces
Te Contingency Event ProcesSsing....esceececess
8. Routine Printout Processing....ceceeevecees
9. Scheduled Run Termination Processing.......
10. Output ProcesSSifg.ceecescceccsssonssosesans
11. Subroutine REVISE...eevesocescecnsosccsccos
12. Subroutine NEXTEV. . eeevenevenassconcnnsscans
13. Subroutine ALLOC....cetvnsnenssosnssccsneses
14, Subroutine SHTFAL...cvcsecveeosscsascnsnnns
C. Sample ProbleM...coececescsercscscssrsscerscssacses
1. SCeNariO.csicessecsesssvsescscacssscrossnsans
2. Problem INput..cceeececcscssscsscscesccances
3. Problem OQutpub..eeeevencecnccsscoasssasense
D. Module LimitationS...i.ceeescscscsncscccssccsncens
1. Multiple ISPS Per Pipelin€....ccoeeeevsscses
2. ISP and User Mobility.seecvecscocoscsscnsns
3. ISP~to-User PipelineS....veeeccccesoscnsans
g, Emergency PipelineS....ceeeeccvescessennasne
5. Cargo Carrier LimitatiofN...ceeeveeveccrcces

6. BALFRAM IntegratioN..cceesscscscscessncencns

REFERENCES . i.tvieneernenrvonunssoasansssmsasossusssnsnanssoe:

APPENDIX

SUPPLY DISTRIBUTION MODULE COMPUTER PROGRAM

vi

30

37

37

40

41
49
52
62
64
64
73
96
98
98
101
104
106
109

112
112
113
116

124

124
124
125
125
125
126

s

M




WP b e gl ey s

r

III-1
I1I-2
I11-3
IV-1
-2
Iv-3
IV-4
IV-5
V-6
IV-7
V-8
IV-9
IV-10
IV-11

Iv-12

Iv-13

IV-14
Iv-15
IvV-16

Iv-17

Iv-18

Iv-19

Iv-20

ILLUSTRATIONS

Polynomial Logistic Transfer Functions

S-Cur

ve Logistic Transfer Functions

Exponential Logistic Transfer Functions

Logic
Logic
Logic
Logic
Logic
Logic
Logic
Logic
Logie
Logic
Logic
Logic
Logic
Logic
Bulk

Bulk

Bulk

Bulk

Bulk

Sampl

Flowchart (Initialization)

Flowchart (Control)

Flowchart (Cargo Carrier Arrival Processing)
Flowchart (ISP Emergency Supply Level Processing)
Flowchart (User Safety Level Processing)
Flowchart (User Withdrawal Processing)

Flowchart (Contingency Event Processing)
Flowchart (Routine Printout Processing)
Flowchart (Scheduled Run Termination Processing)
Flowchart (Output Processing)

Flowchart (Subroutine REVISE)

Flowchart (Subroutine NEXTEV)

Flowchart (Subroutine ALLOC)

Flowchart (Subroutine SHTFAL)
POL Supply Levels (Day 150-Day 185)
POL Event Chronology Table (Day 156-Day 183)

POL Event Sequenced Level Table
(Day 156-Day 183)

POL Time Sequenced Supply Level Table (Day
(Day 0-Dayu00)

POL Supply Rate Variation Table
(Day 0-Day 400)

e Problem Output Tables

vit /iji

31

32

33

42

50

53

63

65

66

74

97

99

100

102

105

107

110

117

118

119

120

121

127

st anie

atlid s et




e

TABLES

Module Inputs
Sample Problem Inputs (Initial Conditions)
Sample Problem Inputs (Contingencies)

Input Data Cards

ix/(x'

43

114

115



PREFACE

This report documents the analysis and findings of a research pro-
ject conducted for the David W. Taylor Naval Ship Research and Develop-
ment Center (DINSRDC), Bethesda, Maryland. The sponsor and technical
monitor was M. J. Zubkoff, Code 187, of DINSRDC. The work was performed
under Contract N00167-80-C-0174.

e A rna

The research was performed in the Center for Defense Analysis (CDA)
of the Research and Analysis Division (RAD) of SRI International.
J. Naar is Director of CDA, and D. D. Elliott is Vice President of RAD.

R. H. Monahan was project leader. He was assisted by B. Laurence and

L. C. Goheen.

xi

P

Lot g




| Y

I INTRODUCTION AND SUMMARY

A. Introduction
1. General 1

The primary objectives of the research described in

this report were to identify at-sea logistic functions that can
be represented within the framework of the Balanced Force {
Requirements Analysis Model (BALFRAM) and to develop an initial 4
logistics module representing at least one of these at-sea
logistic functions, In addition, SRI was to assist DTNSRDC in {
implementing BALFRAM on their CDC 6000 series computer, ;
The original BALFRAM was developed at SRI, under
sponsorship of the Office of Naval Research, during the period
from 1967 through 1974. The model is a deterministic, expected
value model that permits the rapid determination of the numbers

and kinds of balanced General Purpose Forces necessary to carry

P

out specific contingency plans. It is a flexible technique to be
used for modeling the engagement of opposing military forces and 4
for estimating the expected value outcome of such engagements,
thus assisting in the evaluation of the relative effectiveness of
alternative force levels, mixes, deployments, and utilizations.
It provides a unified and balanced approach to force analysis by
integrating the simultaneous activities of land, sea, and air

forces, It can therefore be used to follow and assess
interactions between the component services in their coordinated
support of a military objective,.

The original BALFRAM does include consideration of the
effects of logistic shortfalls on the effectiveness of combat
units, However, there are several shortcomings in the manner in
which logistics is modelled within the BALFRAM structure. The
research described in this report was directed toward remedying

some of these shortcomings. This effort was segregated into two

separate components: (@D improvement of BALFRAM logistics
features, and (2) development of a SUPPLY DISTRIBUTION MODULE.




2. BALFRAM Logistics Improvement

The first component of the research was to improve the
representation of the logistics functions internally within the
BALFRAM structure. In the original BALFRAM, logistics was
represented as a monolithic system delivering equal quantities of
indistinguishable supplies along a single pipeline. A combat
unit's effectiveness was then degraded linearly according to the
ratio of supplies available to supplies required. This approach
did not consider different classes of supplies, where a shortfall
in one class of supplies (i.e., ammunition) would have a markedly
different effect on combat effectiveness than would an equal
shortfall in another <c¢lass of supplies (i.e, personal
belongings).

One major improvement made to BALFRAM was to allow for
multiple supply classes. Instead of a single supply stream,
BALFRAM has been modified to use three different supply classes
to determine the combat effectiveness of a specified unit. These
three classes could represent bulk POL, ammunition, and other
supplies. Combat effectiveness of a specified unit 1is then
degraded independently according to the supply shortfall of each
of the three supply classes.

A second major improvement made to BALFRAM was to allow
the user more flexibility in the selection of the ¢transfer
function which computes a unit's operability factor, which
reflects its combat effectiveness degradation resulting from a
supply shortfall in each of the three classes of supplies. This
computation is now in a parametric form where the user can select
a function that determines the shape of the transfer instead of
being limited to only a linear transfer function. Three such
parametric forms are now available for user option: a polynomial
form (which includes the 1linear transfer function), an S-curve
form, and an exponential form. These provide the user with a

wide variety of degradation t%ransfer functions that can be used

for specific problems.
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The end result of this first component of the research

effort is an updated version of BALFRAM, This version includes an

improved representation of the manner in whizch the 1logistics

system i3 modelled.

3. SUPPLY DISTRIBUTION MODULE Development

The second phase of the research was directed to the

problem of transporting supplies to the theater area to meet the
requirements established in a BALFRAM scenario. As a separate
ad junct to BALFRAM, a SUPPLY DISTRIBUTION MODULE was developed to
address this problem. In BALFRAM, the logistics pipelines are
assumed to begin at a supply node (port, major supply depot,

seaborne mcbile logistics group, or a group of auxiliary supply

ships servicing a naval task force). Then, these pipelines are
assumed to extend to the combat units to be supplied. Supplies
are assumed always available at the supply node, and supply
shortfalls occur only if there is insufficient transportation
capacity to move them to the combat units, Thus, BALFRAM itself
deals with transporting supplies from a supply node and not with
acquiring and stockpiling the supplies themselves. In this
sense, BALFRAM can first be used to establish the requifements
imposed on the pipelines providing supplies to the theater area.
The SUPPLY DISTRIBUTION MODULE can then be used to determine the
pipeline characteristics necessary to meet these requirements,
The SUPPLY DISTRIBUTION MODULE is a computer program
that considers a set of three quasi-independent supply pipelines,
Each of these pipelines represent the flow of one of three
classes of supplies (bulk POL, ammunition, or other supplies)
from a supply source or depot to a remote intermediate point
(i.e., a supply node in a BALFRAM scenario) that services a set
of user elements. The requirements imposed on the pipelines are
dictated by the users' demands, which can change over time in
accordance with prespecified contingency events. Pipeline

operations are represented by the periodic scheduling of cargo

P
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carriers and their cargo loads. As contingency events occur,

pipeline operations are modified to meet the new demands of the
users, Because of the time lag involved in adjusting pipeline
operations, user demands may not be 3satisfied during the
transition period. Hence, users may need to draw from reserve
supplies.

This program monitors the supply levels of the users
and the intermediate supply point. The module can be used to
examine the extent of wuser supply shortfalls resulting from
unanticipated contingent activities, or it can be used to apriori
alter pipeline operations in anticipation of contingencies, thus
ensuring sufficient provisioning of users at all times. The
module can be used in conjunction with a BALFRAM exercise or,
being separate from BALFRAM, it can be a useful tool for other
analyses concerned with transporting supplies to remotely

deployed military forces.

4, Report Structure

A summary of the results of this research is presented
in the next section of this chapter. The detailed results are
discussed in succeeding chapters, Chapter II presents an
overview of BALFRAM as it existed before to this research effort.
In Chapter III, certain shortcomings of the logistics simulation
portion in BALFRAM are identified, and the internal improvements
made to BALFRAM to overcome these limitations are described.
Chapter IV describes the SUPPLY DISTRIBUTION MODULE that was
developed as a separate adjunct to BALFRAM. This chapter
includes a detailed description of the module, including the
results obtained for a sample problem. Also, this chapter
identifies several 1limitations of the module that could be
overcome by expanding the module at a future date. An appendix
then follows that portrays the program input formats for the
SUPPLY DISTRIBUTION MODULE, defines all of the program
nomenc’ature, and provides a complete listing of the computer
program. 4




B. Summarx

1. BALFRAM Overview

BALFRAM 1s a computer-based, compiler-like model that
can be tailored to diverse geographies, force mixes, strategies,
tactics, and levels of aggregation. BALFRAM provides an abstract
framework within which problems of force requirements and
capabilities can be analyzed. It is an event-triggered,
time-stepped technique for modeling the engagement of opposing
military forces and estimating the expected value outcome of such
engagements, thus assisting in the evaluation of ¢the
effectiveness of alternative force levels, mixes, deployments,
employments, utilizations, and support options. BALFRAM is a
two-sided methodology that encompasses Ground, Air, Naval, and
Special Purpose Forces,.

Geography is represented in terms of nodal points and
lines of access between nodes, i.e., a network. The nodal points
can represent worldwide, broadly defined geographical areas
(battle zones, supply areas) or individual 1locations such as
airbases, ports or key military objectives. Areas represented by
a node can range in size from that required for an Army squad to
that required for a naval or air battle. The lines of access
between nodes represent the paths over which the forces and
logistics of both sides must move. These lines and nodes also
can reflect strategic movement options such as port or airhead
access rights, air space overflight restrictions or contested sea
lanes, as well as tactical factors such as military objectives,
roads and critical river crossings, and environmental conditions.

Force characteristics within BALFRAM are described by
the numbers, types, location, and status of units that each side
can ultimately commit during the scenario. Each unit is a
notional concept. Unit sizes can vary from representing a
company up to representing a theater size force. Furthermore, a

unit can represent any of a variety of force types. For instance,

a unit can represent a division force equivalent or several
5




divisions, a formation of aircraft, a ship, or a large naval
force. Individual members of a specific wunit have similar
characteristics such as combat effectiveness, attrition
capability, sustainability and mobility.

The initial deployment of all available units and their

initial goals are specified as part of the force characteristics.

In addition to the initial manner in which available forces are
planned to be employed, it is sometimes necessary or desirable to
alter deployment policies or mission allocations contingent upon
some set of possible circumstances which could occur. These
contingent activities provide a model of the operational
priorities and movement logic that must govern individual combat
units as the scenario progresses., BALFRAM, rather than imposing
a fixed set of limited contingency rules, allows the user to
specify any unique set of rules for the particular problem and
scenario under study.

The fight laws used in BALFRAM are an adaptation of the
Lanchester Laws of Combat. These laws define the attrition to
each side in an engagement as a function of time. They must also
permit determination of the time needed for one side to defeat
the other. However, BALFRAM is not a Lanchester model per se;
rather, it is a modularized simulation that uses the Lanchester
laws for some attrition calculations,

Logistics modeling in BALFRAM is accomplished by
establishing a set of "pipelines" along which supplies flow to
designated units. A pipeline may connect many nodes and supply a
large number of units. As a result of enemy interdiction,
pipeline capacity may be reduced. The effectiveness of the
pipeline supplied units is then reduced in proportion to the
shortfall of supplies. Provision 1is made for pipeline
regeneration rates, deployment factors, resupply rate factors,
and designation of nodes and units to be resupplied. Logistic
pipelines can represent air, sea, or land supply lines and thus
accomodate strategic heavy airlift, bulk or containerized cargo

ships, or truck convoys. The analyst may generate pipelines for
6




both friendly and enemy forces and specify which of each side's
units are to be employed in pipeline interdiction roles.

The purpose of the logistics feature of BALFRAM is to
impair unit effectiveness when 1logistical capacity will not

sustain maximum effectiveness, The main components of the

R N s

logistics simulation are the logistical transportation units.
These units have an order of battle measured in units of
transportation capacity, such as convoys, cargo ships,

containers, reefers, and the like. Each unit of transportation

has a supply capacity. The fighting wunits have a supply
requirement that is specified in supplies per fighting unit. The
logistics pipeline is assumed to begin at a supply node (port or
major supply depot) and extend to the supplied units. Attrition
in the 1logistics simulation is assumed to affect only the
transportation units in the pipeline, not the reserve units or
the supply node. Supplies are always available if transportation
capacity is available to move then. BALFRAM deals with
transporting supplies, and not with acquiring and stockpiling.
Resupply of transportation units occurs at a
prespecified rate and begins at a scheduled time. When there
are more transportation units available than are required by the
pipeline to supply the combat units, the excess are held in the
reserve unit until needed. Thus, the reserve units build and
hold any surpluses that are protected from attrition. zach
logistic pipeline is assigned a pipeline unit, a reserve unit,
and a specified set of combat units and nodes to supply. Each
logistics pipeline is independent of all other pipelines.

The supply requirements are computed for all assigned
combat units when they are at the specified nodes. This is done
by multiplying the unit size by the required supply rate. The
sum of these requirements is compared with the supplies
available. The number of transportation units available is the
sum of the units in the pipeline and reserve units. When the

combat effectiveness of each supplied unit is scaled down to an

available supplies are less than the required supplies, the j
’ |




appropriate level, The current scaling method in BALFRAM
consists of multiplying each combat unit's firepower potential by
the proportion of required supplies that are available, a
strictly linear degradation.

Another feature of the 1logistics simulation is to
control combat unit deployment as a function of the availability
of logistics. Deployment of any combat unit can be delayed until
there is sufficient transportation capacity to accomodate the
units already deployed, leaving enough capacity to also supply
any unit about to be deployed.

BALFRAM has a number of features to select meaningful
output, including options for complete battle history, FEBA
movement history, logistic throughput and interdiction history,
battle node information, and summaries. Also available is a
complete description of the input scenario: force structure,
deployment, time-phased military objectives, operational and

support concepts, and scheduling.

2. Logistics Shortcomings and Improvements in BALFRAM

There is general acknowledgement that lack of logistics
support will decrease combat unit effectiveness. However, there
is not agreement on the quantitative effects on combat unit
potential that would result from logistic support inadequacies of
various types, such as supply shortfalls or maintenance system
deficiencies. Logistics is not a monolithic system delivering
equal quantities of equally needed supplies, The logistics
system delivers separate items for a multitude of purposes.
These 1items are generally grouped into classes for ease of
management and handling such as bulk POL, ammunition, and other
supplies. The effects of shortfalls in these classes on combat
potential are markedly different, depending on both the class and
the type of unit being supplied. The previous BALFRAM version
treats all supplies as indistinguishable and, therefore, of equal
effect on the success of a ¢uvmbat unit,

One major improvement in the present version of BALFRAM
8




13 the addition of multiple supply classes, Instead of a single
supply stream, BALFRAM has been modified to use three supply
classes to determine the combat effectiveness of a 3specified
unit. For example, the three classes could represent bulk POL,
ammunition, and other supplies, Each of the classes has
independent transportation capacity, regeneration capability, and
attrition., Supply shortfalls in the three classes each generate
independent operability factors that are combined to compute the
total 1loss of combat effectiveness of the unit, A operability
factor is computed for each supply class for each unit supported
by the pipeline, Pipelines are defined by the collection of
units that are supplied and the nodes where those units must be
located to receive those supplies. The c¢perability factor is
computed from a transfer function that uses the ratio of supplies
available to supplies required.

The second major improvement in the BALFRAM logistics
module allows more flexibility in the selection of the transfer
function that computes the operability factor from the ratio of
supplies available to supplies required for each supply class.
This computation has been changed to a parametric form. The
user will not be limited to a linear transfer function but will
be able to choose a function that determines the shape of the
transfer. Three such parametric forms are now available for user
option; a polynomial form, an S-curve form, and an exponential
form., These provide the user with a wide variety of operability

transfer functions that can be used for specific problems,

3. SUPPLY DISTRIBUTION MODULE
A SUPPLY DISTRIBUTION MODULE was developed as a
separate adjunct to BALFRAM. This module addresses the problem

of transporting supplies to a theater area. BALFRAM can first be
used to establish the requirements imposed on the pipelines
providing supplies to €he theater area. The SUPPLY DISTRIBUTION
MODULE can then be used to determine the pipeline characteristics

necessary to meet these requirements,
9




The SUPPLY DISTRIBUTION MODULE is a computer program
that considers a set of three quasi-independent supply pipelines,
each pipeline representing the flow of one of three classes of
supplies (bulk POL, ammunition, or other supplies) from a supply
source or depot to a remote intermediate supply point (ISP) that

Services a set of user elements. An ISP could represent a

foreign port, a remotely located supply base, a seaborne mobile
logistic force, one or more AOEs in company with a task group, or
simply an unattended task group taken as a whole. The user
elements could represent foreign-based troops drawing supplies
from a foreign port or supply base, a debarked marine force
drawing supplies from a sea-based logistic support group, or a
task group drawing supplies from underway replenishment ships.

Users are continuously supplied by their ISP, while the
ISP is resupplied on a periodic basis by cargo carriers (ships or
aircraft) whose cycle time includes transit time, loading and
unloading times, preparation time, and a delay time for routine
maintenancee and other activity between cruises or flights, User
inputs include an initial deinand rate, a maximum supply level, a
safety supply level, a critical supply level (just enough
supplies to enable the user to withdraw and return to a safe
haven), and an essentiality priority of the user in relation to
other users on the pipeline.

Initially, the users are assumed to be stocked to their
maximum Supply levels, and an initial pipeline operation is set
up so that the ISP can meet all the demands of its associated
users, ISP inputs include a maximum storage capacity, an
emergency supply level, a critical =upply level, and its own
supply demand rate, .The initial pipeline operation dispatches
cargo carriers on a periodic basis so that a cargo carrier
arrives and transfers supplies to the ISP just at the time when
the ISP's supply level drops to the emergency supply level.
Thus, under the initial conditions, user demands are being met,

their supply levels remain at their maximum, and the ISP does not

have to draw from its emergency supplies. This pipeline
10
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operation continues until a contingency occurs, where a
contingency reflects a change in a user demand rate. At this
time, the pipeline operation is modified so that the ISP will be
capable of meeting the new demand once the new pipeline operation
is in effect. 1In the interim period, several things could occur.
If the contingency is an increase in demand then the ISP may have
to begin drawing from 1its emergency supplies at some time,
During this interim period, carge carrier arrivals will be more
frequent, since .expected shortfalls will have to be recovered.
If, during this period, the ISP has to to draw from emergency
supplies and cannot satisfy the user's demands (i.e., its supply
level would reach the critical supply level before the arrival of
the next cargo carrier), then the user supply level rates are
decreased in a way that takes into account their essentiality
priority numbers. In this case, user supply levels will
decrease, and one or more may drop below their safety levels. If
this occurs, the affected user's essentiality priority will be
assumed at unity, and supply rates will be readjusted. Also, a
user supply level may eventually reach the critical level, and,
in that case, the user is assumed to withdraw. Because the ISP
will no longer have to supply that user, it can increase the
supply rates of the remaining users. Alsa, this decrease in
total demand will impose a requirement to modify the planned
pipeline operation, which has not yet even stabilized.
Furthermore, user withdrawal due to depletion of one class of
supplies will also affect the pipelines that serviced that user
for the other classes of supplies. This represents the only
dependency between the three pipelines,

The pipeline operation :ontinues in the above manner
until one of four events occurs: an input-specified duration
time has been reached; all users have withdrawn; an ISP's supply
level will drop below its critical level before the arrival of
the next cargo carrier; or all contingencies have been processed,

and each pipeline operation has reached stabilization.
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The output of the module consists of four tables for
each pipeline. The first table specifies the times and reasons
for the occurrence of selected events, such as when a user supply
level drops below its safety level, a user withdraws, a cargo
carrier arrives at an ISP, and so on. The second table specifies
the supply levels of the ISP and the users at the time of
occurrence of an event and at predetermined time intervals. The
third table just prints out +the supply 1levels at the
predetermined time intervals. The fourth table prints out the
supply rates of the ISP and users at the beginning of the
operation and at each time that at least one of these supply
rates changes value. This latter table provides the required
inputs to BALFRAM, where one or more of the users could represent
supply nodes within a BALFRAM scenario.

This SUPPLY DISTRIBUTION MODULE represents an initial
construct of an analytical tool designed to provide a basis for
evaluating the distribution of supplies to operational forces
engaged in a theater war scenario within the context of BALFRAM.
The module design was constrained by the level-of-effort
limitations of this research contract. However, it is capable of
being expanded in future research efforts to include additional

features, such as the following:

® Pipelines servicing more than one ISP
Movement of users and the ISP as contingency action
Limited capacity pipelines between users and the ISP

.
]

o Emergency pipelines

o Cargo ship limited availability at the supply source
]

Concurrent operation with the main BALFRAM.
Expansion of the module to include these features would enhance

its usefulness as an analytical tool for evaluating the

effectiveness of supply operations in a theater war scenario.
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IT1 BALFRAM

A. Overview
1. General

BALFRAM® is a computer-based, compiler-like model that
can be tailored to diverse geographies, force mixes, strategies,
tactics, and levels of aggregation. BALFRAM provides an abstract
framework within which problems of force requirements and
capabilities can be analyzed. It is an event-triggered,
time-stepped technique for modeling the engagement of opposing
military forces and estimating the expected value outcome of such
engagements, thus assisting in the evaluation of the
effectiveness of alternative force levels, mixes, deployments,
employments, utilizations, and support optionms, BALFRAM is a
two-sided methodology that encompasses Ground, Air, Naval and

Special Purpose Forces.

2. Scenario Geography

Scenario geography is illustrative of the model's
abstraction. Geography is represented in terms of nodal points
and lines of access between nodes, i.e.,, a network. The nodal
points can represent worldwide, broadly defined geographical
areas (battle zones, supply areas) or individual locations such
as airbases, ports, or key military objectives. Areas
represented by a node can range in size from that required for an
Army squad to that required for a naval or air battle. The lines
of access between nodes represent the paths over which the forces
and logistics of both sides must move. These lines and nodes
also can reflect strategic movement options such as port or
airhead access rights, air space overflight restrictions or

*
See References 1-U4 appearing at the end of the main body of this

report for a list of detailed documentation of BALFRAM.
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contested sea lanes. In addition, these lines and nodes can
reflect tactical factors such as military objectives, roads and
critical river crossing, and environmental conditions. The nodal
network can be as detailed or general as required for the problem

under consideration.

3. Force Description

Force characteristics within BALFRAM are described by
the numbers, types, locations, and status of units that each side
can ultimately commit during the scenario, Each unit is a
notional concept. Unit size can vary from representing a company
up to representing theater size force. Furthermore, a unit can
represent any of a variety of force types. For instance, a unit
can represent a division force equivalent or several divisions, a
formation of aircraft, a ship or a large naval force. Individual
members of a specific unit have similar characteristics such as
combat effectiveness, attrition capability, sustainability, and
mobility. Every unit, whether it be enemy, allied nation, or

U.S. main battle force, has at least the following attributes:

1) Unit type - Ground, Air, Naval or Special

2) Unique Unit Identifier

3) Unit Size

4) Index of Combat Effectiveness (ICE)

5) Time at which unit is introduced into scenario
6) Mobility factor to define rate of movement

7) Initial geographic location for unit

8) Geographic location of unit's initial objective.

y, Contingency Logic

As mentioned above, the initial deployment of all
available units and their initial goals are specified as part of
the force characteristics. In addition to the manner in which

available forces are planned to be employed, it i3 sometimes

necessary or desirable to alter deployment policies or mission
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allocations contingent upon some set of possible circumstances
which could occur, These contingent activities provide a model
of the operational priorities and movement logic that must gZovern
individual combat units as the scenario progresses. BALFRAM,
rather than imposing a fixed set of limited contingency rules,
allows the user to specify any unique set of rules for the
particular problem and scenario under study. This method puts
the responsibility for creative decisionmaking logic on the user
analyst (where, for maximum flexibility, it should rest).
Contingent activities may be 3specified in many
different ways. The logic statements that effect these changes
are of the general form: if some condition is true, then perform
an action for specified units., The "condition" portion of the
statement may be the location of a friendly or enemy unit, the
combat effectiveness of a unit, the attrition suffered by either,
the arrival or departure of units at a node, or the passage of
time. The action portion of the statement can relate to force
movements, a specific unit's mission reallocation, or even a
change in the characteristics of the forces involved.
Contingency logic within BALFRAM provides an extremely powerful
means of structuring scenarios and game progression around a wide

variety of analytical rules.

5. Engagement Simulation
The fight laws used in BALFRAM are an adaption of the

Lanchester Laws of Combat. These laws define the attrition to
each side in an engagement as a function of time. They also
permit determination of the time needed for one side to defeat
the other. However, BALFRAM is not a Lanchester model per se;
rather, it is a modularized imulation that uses the Lanchester
laws for some attrition calculations., If the user prefers other
than the Lanchester laws for a given engagement, either the

exogenous fire routines, or a user-developed algorithm may be

specified.

BALFRAM contain two basic differential fight laws: the
15




square law and the 1linear law. The differential fight 1laws
embody the assumption that two forces, each capable of inflicting
attrition on the other, are engaged in battle. In addition, they
assume that, although unit casualty-inflicting power may differ,
it is known for all units of both forces. Finally, they assume
that all opposing units engaged in a battle are within firing
range of each other, In addition to the shared assumptions, the
square law assumes that each unit knows the location of opposing
units and can determine the results of its own fire; hence, it
directs its fire only at surviving enemy units., The additional
linear law assumptions, in contrast, are that each unit knows
only the general area in which opposing units are located and
cannot determine the results of its fire; hence, it distributes
it fire uniformly over the enemy-occupied area. A mixed law
situation, in which the linear law assumptions apply to one force
and the square law assumptions to the other, is also possible.
The BALFRAM software permits the user to select the
fight law that is applicable to each node at which a battle may
occur., Selection should be made on the basis of how well the
various fight law assumptions are satisfied and/or on the basis

of empirical evidence of applicability.

6. Logistics Simulation

Logistics modeling in BALFRAM is accomplished by
establishing a set of m"pipelines"™ along which supplies flow to
designated units. A pipeline may connect many nodes and supply a
large number of units. As a result of enery interdiction,
pipeline capacity may be reduced. The effectiveness of the
pipeline-supplied units is then reduced in proportion to the
shortfall of supplies. Provision is made for pipeline
regeneration rates, deplowment factors, resupply rate factors,
and designation of nodes and units to be resupplied. Logistic
pipelines can represent air, sea, or land supply lines and thus
accomodate strategic heavy airlift, cargo ships, or truck
convoys., The analyst may generate pipelines for both friendly

16
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and enemy forces and specify which of each side's units are to be
employed in pipeline interdiction roles. Logistics simulation is

discussed 1n more detail in Section C, Model Logistics.

7. Reports

Any model's output should be structured to allow the
analyst to examine results at any selected level of detail.
BALFRAM has a number of features to select meaningful output,
including options for interdiction history, battle node
information, and sSummaries. Also available is a complete
description of the input scenario: force structure, deployment,
time-phased military objectives, operational and support

concepts, and scheduling.

8. User Controls

Integral to the BALFRAM-based contingency force
methodology 1is a set of sensitivity analysis controls to
automatically vary key scenario parameters and iterate the game.
User-specified multipliers to order of battle, indices of combat
effectiveness, exogenous firepower, or even deployment time will
produce automatic sensitivity iterations. Similarly, the
distribution of forces can be varied by automatically allocating
progressively larger percentages of forces from one group of
units to another geographically separate group. This process
generates an output matrix of scenario results. Another BALFRAM
method for automatically generating sensitivity results is to
randomize certain input parameters around given input values so
that a normal distribution of each input parameter is produced.
Scenario results for each input value or set of randomized input
values are generated so that the output set can be examined for
its distribution, This technique may be used, for example, to
determine a distribution of force level input values that will
result in a user-specified scenario outcome. As this example
shows, scenario outcomes can be stipulated before the game.

Outcomes are defined in terms of the difference between the
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surviving components of the BLUE and RED units of interest;
BALFRAM then performs iterative sclutions based on varying
1nitial force levels to converge on the correct force size to
produce the stipulated outcome. Based on the assessment of the
effectiveness of combat, combat support, or service support
forces' contribution to the stipulated outcome, force structuring
and scheduling can be determined for any desired outcome,
Further, an estimate can be established of the extent of required
host nation support and/or cross-service support. This estimate
would be an outgrowth of shortfalls in organic force logistic
capability. This integral set of sensitivity analysis controls
indicates to the analyst the contribution of the force components
to meeting the time-phased military objectives, Also, the
analyst receives indications of critical constraints, paths, and
deficiencies in the concept of operations and candidate force

structure.

B. Model Structure and Requirements

1. Hardware Characteristics

BALFRAM is a self-contained set of subroutines that do
not support or maintain any external data base or system. The
BALFRAM software has been programmed in FORTRAN IV and has run on
the Honeywell 6060 computer, the Control Data 6000, and the IBM
4341, It consists of over 10,000 FORTRAN statements, including
approximately 50 subroutines. Run times vary from minutes to
hours of CPU time, depending on the number of units involved and

the scenario complexity.

2. Software Architecture

The basic program 1is a high 1level analytical
bookkeeping device that, when provided with input values to
describe force characteristics and operational logic, will move

forces over the defined geography of the scenario. The program

will permit the forces to engage, when appropriate, and will
18
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estimate the outcome of these engagements according to attrition
computations that have been mathematically defined. The software
has been designed with a wide spectrum of military applications
in mind; as a result, individual problems to be modeled do not
always require that the full capabilities of the system be
exercised. To use BALFRAM, a projected real world scenario must
be translated into a BALFRAM scenario. This is done by
abstracting the geography of the real world scenario into nodes
representing geographic locations at which activity may take
place and by describing planned and contingent activity through
the use of BALFRAM descriptors (inputs). Thus, BALFRAM is not a
"model" until a set of descriptors has been assembled to compose
a scenario.

As indicated previously, BALFRAM is written in FORTRAN
Iv. The number of each type of descriptor is 1limited by
DIMENSION sizes in the program. Thus, the maximum problem size
depends on the memory size of the host computer and whether this
size 18 fixed, such as in partitions or a virtual memory.
BALFRAM also creates intermediate disk files that must be
accomodated.

The BALFRAM documentation contains block diagrams of
overall 1logic, flow charts for all BALFRAM subroutines, the
subroutine calling structures, definition of the contents of

files and common block arrays, and error messages.

c. Model Logistics
A LGINTDIC (logistic interdiction) card set is wused to

describe each logistic pipeline of the BALFRAM scenario and to
include the effects of reduction of pipeline capacity as a result
of interdiction. Provision is made for pipeline regeneration
rates, deployment factors, resupply rate factors, and designation
of nodes to be resupplied. Each logistic pipeline can be
represented by specifying a (pipeline) node, a ground, air, or
naval unit (termed a pipeline unit), and a ground, air, or naval
reserve unit (termed a pipeline reserve unit). The node contains
19
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the pipeline unit, and interdiction can only occur there. As

this unit is attrited, components are instantaneously transferred
to it from the pipeline reserve unit., Pipeline regeneration is
simulated by increasing the components of the pipeline reserve
unit at a user specified time varying (regeneration) rate. For
example, if destroyed cargo ships can be replaced at the rate of
half a ship per day, starting 30 days after scenario
commencement, the regeneration rate would be 0.0 from 0 to 30
days and then 0.5.

Throughput capacity (or supply delivery rate) of each
pipeline unit component is equal and specified in units of weight
(usually tons) per unit of time. The nodes to be supplied by
each pipeline are specified, as are the units that will be
replenished or provisioned for deployment. Each unit to be
resupplied must be given a resupply factor indicating the
quantity of supplies required, per unit time per component, to
prevent unit firepower from being degraded by logistic shortfall.
Similarly, each unit to be provisioned for deployment can be
provided with a deployment factor. This factor specifies the
supplies required by each component of each specified unit before
that unit can be deployed. If the pipeline is unable to convey
sufficient supplies to the unit by its scheduled time of
deployment, deployment is delayed until the required quantity of
supplies is provided.

Pipeline throughput capacity is a function of interdiction,
regeneration rate, and the number of components in the pipeline
unit and reserve. When pipeline throughput capacity 1is
inadequate to satisfy the needs of the supplied units, unit
firepower effectiveness is degraded by an operability factor
varying directly with the shortfall of supply delivery rate.
This operability factor is determined as follows:

PTC

OF = min{—Q—é—, 1} (1i-1)
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where PTC 1is the pipeline throughput capacity and QS 1is the
quantity of supplies required per unit time by all units being

supplied.

D. Description of Model Attrition

The degradation of unit firepower effectiveness due to
logistic shortfalls is modeled within the fight laws for
homogeneous forces in BALFRAM. Suppose that at node n, there are
two units in combat and exogenous firepower is contributed by one
unit on each side. Let FS3(t) and ES(t) represent the number of
surviving components of the friendly and enemy units,
respectively, at time t. The square fight law of enemy attrition

is given by

dES(t) _

~dat -FAe FS(t) - FEF (I1-2)

and the linear fight law of enemy attrition is given by

dgf(t) = -FA e ES(t) ® FS(t) - FEF (I1-3)

where FA is the friendly attrition coefficient and FEF is the
friendly exogenous firepower parameter. These parameters are
composed of multiplicative factors as indicated in Eq. (4) and
(5) below:

FA = FFBe FOF e FICE (II-4)
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where FFB is the friendly force base attrition factor. FOF 1is
the friendly unit operability factor due to logistic shortfall
(as given by Eq. (II-1l) for friendly units), and FICE 1is the

friendly unit index of combat effectiveness;

FEF = EFEe CPe FOF (II-5)

where EFE is the exogenous firepower effectiveness coefficient,
and CP is a constant of proportionality that depends on the
method of computation used to compute EFE. This method of
computation is determined by a user-set code. The model permits
EFE to be any of the following:

° A constant.

° Directly proporticnal to the friendly order of
battle at a specified node.

] Directly proportional to the order of battle of a
specified friendly unit.

* Directly proportional to the friendly order of
battle at a specified node.

* Directly proportional to the friendly order of
battle at a specified node and to the enemy order
of battle at a specified node. The two nodes are
usually different, but need not be. .

e Directly proportional to the friendly order of
battle at a specified node and the order of battle '
of a specified enemy unit.

° Directly proportional to the friendly order of
battle at a specified node and to the enemy order
of battle at the node previously specified and at
some other specified node.

° Directly proportional to the friendly orders of
battle at two specified nodes and the enemy order
of battle at a specified node.

) Directly proportional to the order of battle of a
specified friendly unit, the friendly order of
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battle at a specified node, and the enemy order of
battle at a specified node.

L) Directly proportional to the friendly order of
battle at a specified node and the enemy orders of
battle at two specified nodes.

® Directly proportional to the friendly order of
battle at a specified node, the enemy order of
battle at a specified node, and the order of battle
of a specified enemy unit.

) Directly proportional to the friendly orders of
battle at two specified nodes.

° Directly proportional to the friendly order of
battle at a specified node and the order of battle
of a specified friendly unit.
The dimensions of EFE and CP depend on the computation method
specified for EFE. Dimensions of exogenous firepower
effectiveness coefficients are discussed in detail in BALFRAM
User Manual, Appendix D, "Computation of Exogencus Firepower
Effectiveness.,”

For the general case, where there are several units on each
side at a given node, the computations of enemy attrition follow
the same above pattern. However, the representations of the
coefficients and parameters are much more complicated. In
addition, the fight laws of friendly attrition parallel those of

enemy attrition.

E. Summarz

In summary, BALFRAM provides a unified or balanced approach
to force analysis by integrating the simultaneous activities of
land, sea, and air forces. It can be used to follow and assess
interactions between the component services in their coordinated
support of a military objective. The model also includes
optional provisions for statistical sensitivity analyses to
quantify the relationship between model input and model output.

BALFRAM 1is constructed so that the user defines the problem or
scenario of interest from an operational standpoint and
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translates it into BALFRAM terms. The user also provides the
operational logic (strategy and tactics) that will be applied to
the situation and translates this logic into BALFRAM terms. The
translations are done through specific user inputs that assemble
the appropriate components of the BALFRAM program. Using the
BALFRAM software as a tool, the user constructs, with output
feedback, a notional model that embodies his abstraction of the
real world process., Even after the initial model construct has
been completed, modifications can be effected as insights into a
particular problem are obtained. Subsequent sensitivity analyses
and tradeoffs can be made. This iterative feedback process
enables the user to construct a BALFRAM-based model that has
analytical relevance to military contingency planning problems as

the user perceives them.
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IIT TIMPROVED BALFRAM LOGISTICS

A. Logistics Representation in BALFRAM

The purpose of the logistics feature of BALFRAM is to impair
unit effectiveness when logistical capacity will not sustain i
maximum effectiveness, The main components of the logistics
simulation are the logistical transportation units assembled into i
pipeline units and their associated reserve units. These units
have an order of battle measured in units of transportation

capacity, such as convoys, cargo ships, containers, reefers and

" T

the like. Each unit of transportation has a supply capacity such
as tons per convoy or cargo ship. The fighting units have a

supply requirement that is specified in supplies per fighting

unit. All of these rates are actually expressed in BALFRAM as f
rates per time unit (i.e., tons per day or tons per truck per
day).

The logistics pipeline is assumed to begin at a supply node
(port or major supply depot) and extend to the supplied units.
Attrition in the logistics simulation is assumed to affect only
the transportation units in the pipeline, not the reserve units

or the supply node. Supplies are always available if
transportation capacity is available to move them. BALFRAM deals
with transporting supplies, not with acquiring and stockpiling.

Resupply of transportation units occurs at a prespecified
rate and begins at a scheduled time. When there are more
transportation units available than are required by the pipeline
to supply the combat units, the excess are held in the reserve
unit until needed. Thus, the reserve units build and hold any
surpluses that are protected from attrition.

Each logistics pipeline 1is assigned a pipeline unit, a
reserve unit, and a specified set of combat units and nodes to
supply. Each logistics pipeline in BALFRAM is independent of all
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other pipelines, The supply requirements are computed for all
assigned combat units when they are at the specified nodes. This
is done by multiplying the unit size by the required supply rate.
The sum of these requirements is compared with the supplies
available (i.e., number of transportation units available
multiplied by the supply capacity per unit). The number of
transportation units available is the sum of the units in the
pipeline and reserve units,

When the available supplies are fewer than the required
supplies, the combat effectiveness of each supplied unit is
scaled down to an appropriate level. The current scaling method
in BALFRAM consists of multiplying each combat unit's firepower
potential by the proportion of required supplies that are
available. This proportion is limited to values between 0,001
and 1.0.

Another feature of the logistics simulation is to control
combat unit deployment as a function of the availability of
logistics, Deployment of any combat unit can be delayed until
there is enough transportation capacity to accomodate the units
already deployed, leaving enough capacity to also supply any unit
about to be deployed. Units already deployed have first priority
on any supplies. The rate required for deployment can be
specified as different from the regular combat support rate to
accomodate predeployment stockpiling. When there is a conflict
between a unit reaching its deployment time and a unit that has
held up deployment for lack of supplies, the latter unit will be
deployed first.

B. Shortcomings of Logistics Simulation

There is general acknowledgement that lack of logistics
support will decrease combat unit effectiveness. However, there
is not agreement on the quantitative effects on combat unit
potential that would result from logistic support inadequacies of

various types, such as supply shortfalls or maintenance system

deficiencies. This was considered in the development of the
26
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logistics simulation within BALFRAM. It was felt that a
generalized logistic effects model with flexibility of parameter
selection was better than ignoring logistic effects altogether.
At least, the sensitivity of outcomes under variations of
logistics could be examined, even if absolute outcomes could not
be estimated. In an aggregated model such as BALFRAM, this
strategy appeared reasonable, but there are some areas where
potential improvements can be made.

Logistics is not a monolithic system delivering equal
quantities of equally needed supplies, The logistics system
delivers separate items for a multitude of purposes. These items
are generally grouped into classes for ease of management and
handling, such as bulk POL, ammunition, and other supplies.

The effects of shortfalls in these classes on combat
potential are markedly different, depending on both the class and
the type of unit being supplied. The predecessor BALFRAM version
treats all supplies as indistinguishable and, therefore, of equal
effect on the success of a combat unit, As a first order
approximation in an aggregated model, this provides the ability
to examine logistics effects.

The relation between the shortfall of supplies and the
change in combat effectiveness of a supplied unit is another area
of conjecture, A 10% shortage of ammunition may reduce unit
effectiveness by 204 by causing the inability to fire and
maneuver, However, a 10% shortage in personal supplies may only
cause a 2% reduction in unit effectiveness as existing supplies
are used beyond the normal point of retirement, This difference
in effect would argue against a single class of supplies, while
it would argue for separate transfer functions relating shortfall
in supplies to reduction in combat effectiveness. These
functions should be described parametrically and be selectable
for user sensitivity studies.

The existing BALFRAM logistic mode does not stockpile
supplies, but it does stockpile the means for delivering the
supplies, The logistics depots are assumed to always have
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adequate supplies, and the constraint is on the delivery means.

Actual logistic systems are sensitive to both factors. Shortages
in either factor choke the supplies to the combat units and
affect combat capability.

The current logistics simulation assumes that the supplies
are instantaneously delivered (within the program time unit) to
the combat units. Only the capacity constraints are checked for
validity. Thus, when unit size or -supply requirement rates
change, there is not the lag time that there would be in an
actual supply system. This simplification reduces the complexity
of the programming logic. Users must be aware that the exact

physical flow of supplies is not simulated in BALFRAM.

c. Logistics Improvements to BALFRAM

One major improvement for BALFRAM is the addition of
multiple supply classes. Instead of a single supply stream,
BALFRAM has been modified to use three supply classes to
determine the combat effectiveness of a specified unit. For
example, the three classes could represent bulk POL, ammunition,
and other supplies. Each of the classes has independent
transportation capacity, regeneration capability, and attrition.
Supply shortfalls in the three classes each generate independent
operability factors that are combined to compute the total loss
of combat effectiveness of the unit.

An operability factor is computed for each supply class for
each unit supported by the pipeline. Pipelines are defined by
the collection of units that are supplied and the nodes where
those units must be 1located to receive those supplies. The
operability factor is computed from a transfer function that uses
the ratio of supplies available to supplies required.

Individual supply class shortfalls are used to compute
operability factors. Let i generically denote a supply class and
R1 denote the ratio of supplies available to supplies required
for the ith supply class relative to a particular combat unit,
then the operability factor for that unit can be represented as
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follows

OFi = fi(Ri) (I11-1)

where fi denotes the particular effectiveness operability
transfer function used for supply class i (the types of transfer
functions now allowable in BALFRAM are described later on in this
section). For a given combat unit, these factors must be
combined to produce a single effect on the unit's combat
potential. The operability factors for each class of supplies
are multiplied together to compute a unit operability factor (OF)
that is to be used to reduce the unit's combat potential. Thus,

(R,) (I1I-2)

OF = f1(R1)'f2(R2)0f3 3

The manner by which the operability factor is used in the
attrition equations of BALFRAM is described in Section D of
Chapter II.

A second change in the BALFRAM logistics module allows more
flexibility in the selection of the transfer function that
computes the operability factor from the ratio of supplies
available to supplies required for each supply class. This
computation has been changed to a parametric form where the user
can select multiple transfer function forms. This way, the user
is not restricted to a linear transfer function. In addition to
choosing the basic function, the user also provides equation
coefficients that give a specific shape to the basic function.
The three basic equational forms currently implemented are as
follows, where R is the ratio of supplies available to supplies
required, OF i3 the supply operability factor of the combat unit,

and a and b are user-specified function parameters:
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) Polynomial Form

OF = R (I11=3)
) S~Curve Form
b
\a-a.(a_‘ﬁ> if R < a
a
OF = b (III-4)
R-a .
( a+(l-a) e <__—l-a) if R2 a
° Exponential Form
aRb
oF = 1=¢ — (I11-5)
a
l-e

Examples of the shapes of these transfer functions are presented
in Figures III-1 to III-3, respectively. Note that, in each
case, the operability factor is zero when R is zero and bnity
when R is unity. The previous linear transfer function is the

degenerate case of the polynomial form with b equal to 1.

D. Implementation Strategy

BALFRAM is a large, complex FORTRAN program. Because it was
not implemented on a virtual storage computer, the program must
be divided into overlays or executable modules that will fit
within memory 1limits. BALFRAM implements the individual
descriptor cards in a modular fashion through individual
subroutines. Data communication is through COMMON statements and
intermediate disk files for storing model status after
initialization. The disk files permit running iterations without
reinitializing the model.

Any logic changes must fit within the existing structure of
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BALFRAM if changes are to be made economically. Changing the
program structure substantially would increase the cost of
program maintenance and future updates by requiring large amounts
of new documentation. Other organizations still use BALFRAM, and
it is desirable that changes be compatible with the existing
BALFRAM input so that existing data bases can be run with any new
program versions,

These factors imply that any changes should not increase
data storage or change input formats, if possible. New features
should use the same input formats and substitute new data for old
wherever possible, Such changes can eliminate the need for
changing the input module and its associated COMMONs. Changes
are made in the subroutines that implement the descriptor logic
by reinterpreting the definition of the existing data and adding
new subroutine logic to perform the new functions.

Using this conservative approach for the logistic changes
described above resulted in loss of one previous feature and
rearrangement of data on the LGINTDIC cards. To have the needed
data elements to describe the characteristics of the three
pipelines, one feature was eliminated. That was the ability to
change the regeneration rate of the transportation capability as
a function of time. In the single class case, this feature
permitted specification of three times and the regeneration rates
that would be effective as of the associated time. 1In this way,
the regeneration rates could reflect changes in supply
capabilities at three times during the scenario.

However, it is possible to achieve the effect of increasing
the number of transportation elements in the pipeline and reserve
units with the new three-class logistics. The Parameter Change
(PARMCHNG) card permits changing any of several unit parameters
at a specific time during scenario execution. One of the
parameters that may be changed is the order of battle (size of a
given unit). The PARMCHNG card can increment (or decrement) the
unit size. Thus, while the regeneration rate itself cannot now

be changed, the size of the unit could be incrementally changed
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at regular intervals to reflect a change in rate. Although more
cumbersome, this process still allows changing the transportation
capacity of the pipeline and reserve units of each class
independently.

The new data necessary to desribe the three-class situation
is obtained by reinterpreting the existing data on the four types
of Logistic Interdiction (LGINTDIC) cards and requiring a
specific arrangement of the Unit Specification (UNITSPEC) cards
for the pipeline and reserve units, The major change in the
LGINTDIC cards is to substitute the transportation capacity and
regeneration rates of the three logistic classes for the previous
specification of regeneration rate and effective time data on the
LGINTDIC Card 3. Minor changes also occur on the LGINTDIC Card
1.

The UNITSPEC cards for the three pipeline and reserve units
are now required to be in consecutive order in the input where,
before, logistic UNITSPEC cards had no constraints as to deck
order. Several variables on the UNITSPEC card for the reserve
unit are now reinterpreted to provide parameter data for the new

transfer function formulations.




IV SUPPLY DISTRIBUTION MODULE

A. General

A SUPPLY DISTRIBUTION MODULE was developed as a separate
adjunct to BALFRAM. This module addresses the problem of
transporting supplies to a theater area. BALFRAM can first be
used to establish the requirements imposed on the pipelines
providing supplies to the theater area. The SUPPLY DISTRIBUTION
MODULE can then be used to determine the pipeline characteristics
necessary to meet these requirements,

The SUPPLY DISTRIBUTION MODULE is a computer program,
designated by the acronym PIPLIN, developed under this study
effort. This program considers a set of three quasi-independent
supply pipelines, each pipeline representing the flow of one of
three classes of supplies (bulk POL, ammunition, or other
supplies) from a supply source or depot to a remote intermediate
supply point (ISP) that services a set of user elements. An ISP
could represent a foreign port, a remotely located supply base, a
seaborne mobile logistic force, one or more AQEs in company with
a task group, or simply an unattended task group taken as a
whole. The user elements could represent foreign-based troops
drawing supplies from a foreign port or supply base, a debarked
marine force drawing supplies from a sea-based logistic support
group, or a task group drawing supplies from underway
replenishment ships.

Users are continuously supplied by their ISP, while the ISP
is resupplied on a periodic basis by cargo carriers (ships or
aircraft) whose cycle time includes transit time, loading and
unloading times, preparation time, and a delay time for routine
maintenance and other activity between cruises or flights., User

inputs include an initial demand rate, a maximum supply level, a

\
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safety supply level, a critical supply level (just enough
supplies to enable the user to withdraw and return to a safe
haven), and an essentiality priority of the user in relation to
other users on the same pipeline.

Initially, the users are assumed to be stocked to their
maximum supply levels, and an initial pipeline operation is set
up so that the ISP can meet all the demands of its associated
users, ISP inputs include a maximum storage capacity, an
emergency supply level, a critical supply level, and its own
supply demand rate. The initial pipeline operation dispatches
cargo carriers on a periodic basis such that a cargo carrier
arrives and transfers supplies to the ISP just at the time when
the ISP's supply level drops to the emergency level. Thus, under
the initial conditions, user demands are being met, their supply
levels remain at their maximum supply levels, and the ISP does
not have to draw from its emergency supplies. This pipeline
operation continues until a contingency occurs, where a
contingency reflects a change in a user demand rate. At this
time, the pipeline operation is modified so that the ISP will be
capable of meeting the new demand once the new pipeline operation
is in effect. In the interim period, several things could occur.
If the contingency is an increase in demand, then the ISP may
have to begin drawing from its emergency supplies at some time.
During this interim period, cargo carrier arrivals will be more
frequent, since expected shortfalls will have to be recovered.
If, during this period, the ISP has to draw from emergency
supplies and cannot satisfy the user's demands (i.e., its supply
level would reach the critical supply level before the arrival of
the next cargo carrier), then the user supply rates are decreased
in a way that takes into account their essentiality priority
numbers. In this case, user supply levels will decrease, and one
or more may drop below their safety levels, If this occurs, the
affected user's essentiality priority will be assumed at unity,
and supply rates will be readjusted. Also a user supply level

may eventually reach the critical level, and, in that case, the
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usar is assumed to withdraw. Because the ISP will no longer have
to supply that user, it can increase the supply rates of the
remaining users. Also, this decrease in total demand will impose
a requirement to modify the planned pipeline operation, which has
not yet even stabilized. Furthermore, user withdrawal due to
depletion of one class of supplies will also affect the pipelines
that serviced that user for the other classes of supplies. This
represents the only dependency between the three pipelines.

The pipeline operation continues in the above manner until
one of four events occurs: an input-specified duration time has
been reached; all users have withdrawn; an ISP's supply 1level
will drop below its critical level before the arrival of the next
cargo carrier; or all contingencies have been processed, and each
pipeline operation has reached stabilization.

The output of the module consists of four tables for each
pipeline. The first table specifies the times and reasons for
the occurrence of selected events, such as when a user supply
level drops below its safety level, a user withdraws, a cargo
carrier arrives at an ISP, and so on. The second table specifies
the supply levels of the ISP and the users at the time of
occurrence of an event and at predetermined time intervals. The
third table just prints out the supply 1levels at the
predetermined time intervals, The fourth table prints out the
supply rates of the ISP and users at the beginning of the
operation and at each time that at least one of these supply
rates changes value. This latter table will provide the required
inputs to BALFRAM, where one or more of the users could represent
supply nodes within the BALFRAM scenario.

A detailed description of the SUPPLY DISTRIBUTION MODULE is
presented in the next section of this chapter. A sample problem
that illustrates the use of the module is discussed in Section C.
In Section D, the 1limitations of the module are discussed,

indicating feasible areas for future improvements.
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B. Module Description

The SUPPLY DISTRIBUTION MODULE consists of the main program
(PIPLIN) and four subroutines (REVISE, NEXTEV, ALLOC, and
SHTFAL) . Figures IV-1 to IV~10 present 1logic flowcharts of
program PIPLIN and Figures IV-11 to 1IV-14 present logic
flowcharts for the respective subroutines, The appendix to this
report provides an alphabetical 1listing of all the module
nomenclature and a complete 1listing of the module computer
program,

The module can essentially be broken down into 14 functional
processing sections: Initialization, Control, Cargo Carrier
Arrival Processing, ISP Emergency Supply Level Processing, User
Safety Level Processing, User Withdrawal Procéssing, Contingency
Event Processing, Routine Printout Processing, Scheduled Run
Termination Processing, Output Processing, Subroutine REVISE,
Subroutine NEXTEV, Subroutine ALLOC, and Subroutine SHTFAL. 1In
the description of the module that follows, each of these
processing sections is discussed in turn.

The basic time units used in the modules are in terms of
days. Thus, the rates assumed are daily rates. The general

indexing convention used in the module description is as follows:

P = a pipeline number (P = 1,2, or 3)

I = user number (I = 2, ... , NB where NB denotes
the number of users, a program input)

J = cargo carrier number (J = 1..., NTC(P) where
NTC(P) denotes the number of cargo carriers
presently assigned to pipeline P, a program
variable)

NCO = contingency event number (NCO = 1, ..., NOC
where NOC is the number of planned
contingencies, a program input)

In some cases, the index I may assume values NB1 = NB + 1,
NB2 = NB + 2, and NB3 = NB + 3, which respectively refer to the
ISP, a contingency, and a scheduled printout or run termination.
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1. Initialization (Fig. IV-1)

The module is initiated by reading in a set of inputs
for a given problem. Table IV-1 presents a summary listing of
the input data. The detailed program inputs, including format
descriptions, are specified in the appendix. At this time, the
output table headings are printed out. There is a total of
twelve output tables generated by the module, four for each
pipeline, For a given pipeline, the first table represents an
"Event Chronology" (the possible event types are described later
in this section), Anytime an event occurs that affects the given
pipeline, the table indicates the time of occurrence, the event
type number, and the event description. Scheduled printout
events are not included, because they have no effect on the
pipeline operation. The secoand table portrays "Event Sequenced
Supply Levels.™ Anytime an event occurs, including scheduled
printout events, the supply levels for the ISP and each user are
tabulated. For Cargo Carrier Arrival Events, supply levels are
tabulated at both the time of arrival and time of departure of
the cargo carrier, neglecting the cargo unloading time. The
third table portrays "Time Sequenced Supply Levels."” This simply
tabulates the ISP and wuser supply 1levels at the scheduled
printout times. The fourth table portrays "Supply Rate
Variations." Whenever the supply rate changes, the time of
change, the event type number instigating the change, and the
supply rates for the ISPS and each user are tabulated. These
Supply Rate Variation tables provide the link between this module
and the main BALFRAM.

The next step is to establish the static pipeline flow
parameters for each pipeline. This initial pipeline operation is
set up so that the ISP can meet all the demands of the users and
not have to draw from its emergency supplies. For a given
pipeline, the procedure for accomplishing this is as follows.
First, the total demand rate on the ISP, denoted by MD(P), is
determined by summing up the individual user demand rates
specified by input as BIR(I,P), including the ISP's own demand
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READ PROGRAM INPUTS AND
WRITE OUT TABLE HEADINGS

v

ESTABLISH STATIC PIPELINE FLOW |

PARAMETERS, /SP SUPPLY LEVEL,

AND CARRIER DELIVERY TIMES
FOR EACH PIPELINE

REVISE
(Fig.lV=-11)

INITIALIZE PROGRAM VARIABLES

DETERMINE EVENT TYPE NUMBER DESIGNATORS
FOR ISP, CONTINGENCY, AND SCHEDULED PRINTOUT
SET CURRENT TIME EQUAL TO ZERO

SET CURRENT EVENT TYPE TO ZERO

SET NEXT CONTINGENCY EVENT NUMBER TO ONE
SET CONTINGENCY PIPELINE COUNTER AND

USER WITHDRAWAL INDICATOR TO ZERO

L J

INITIALIZE PIPELINE VARIABLES FOR EACH PIPELINE

SET LAST-EVENT TIME TO ZERO

SET USER DEMAND RATIO EQUAL TO INPUT VALUE, FOR EACH USER

SET USER ESSENTIAL PRIORITY EQUAL TO INPUT VALUE, FOR EACH USER
SET USER SUPPLY LEVEL EQUAL TO MAXIMUM SUPPLY LEVEL, FOR EACH USER
SET USER SUPPLY RATE EQUAL TO INPUT DEMAND RATE, FOR EACH USER
SET USER NEXT EVENT TIME EQUAL TO A LARGE NUMBER AND

NEXT EVENT TYPE TO ZERO, FOR EACH USER

SET USER IN-GAME INDICATOR TO UNITY, FOR EACH USER

SET/SP NEXT EVENT TYPE TO 1 AND NEXT EVENT TIME EQUAL TO

TIME OF ARRIVAL OF FIRST CARGO CARRIER

SET CONTINGENCY NEXT EVENT TYPE TO 5§ AND NEXT EVENT TIME TO
TIME OF OCCURRENCE OF FIRST CONTINGENCY

SET SCHEDULED PRINTOUT NEXT EVENT TYPE TO 6 AND NEXT EVENT
TIME TO TP, THE TIME BETWEEN SCHEDULED PRINTOUTS

WRITE OUT INITIAL SUPPLY LEVELS ON TABLES 2 AND 3, AND

INITIAL SUPPLY RATES ON TABLE 4

GO TO
50
(Fig.iv-2)

FIGURE IV-1. LOGIC FLOWCHART (INITIALIZATION)
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Table IV-1

MODULE INPUTS

b Variable
escriptor Name
_ =i =———
Scheduled Printout Inputs
Printout interval (days) TP
Scheduled run duration (days) TDUR
Supply Source Inputs per Pipeline
Pipeline name PN(P)
Cargo carrier capacity (ST or kbbl) SCC(P)
Cargo carrier speed (knots) SCS(P)
Cargo carrier loading rate (ST/day or kbbl/day) SCL(P)
Cargo preparation rate (ST/day or kbbl/day) SPR(P)
Recycle down time (days) SDT(P)
ISP Inputs per Pipeline
Storage capacity (ST or kbbl) MSC(P)
Cargo carrier unloading rate (ST/day or
kbbl/day) MSU( P)
Own supply demand rate (ST/day or kbbl/day) MDR(P)
Emergency stores level (ST or kbbl) MES(P)
Critical stores level (ST or kbbl) MCS(P)
Transit distance between supply source and ISP
(nmi) MSD(P)
Order time (days) MOT(P)
User Inputs per Pipeline
Number of users (same for each pipeline) NB
User I-initial demand rate (ST/day or kbbl/day) BIR(I,P)
User I-initial essentiality priority number BIP(I,P)
User I-maximum supply level (ST or kbbl) BML(I, P)
User I-safety supply level (ST or kbbl) BSL(I,P)
User I-critical supply level (ST or kbbl) BCL(I,P)
Contingency Inputs
Number of contingencies NOC
User number associated with NCOth contingency CUN(NCO)
Time at which NCOth contingency occurs (days) TC(NCO)
User demand rate for pipeline P after occurrence
of NCOth contingency (ST/day or kbbl/day) CUD(NCO, P)
User essentiality priority number for pipeline P
after occurrence of NCOth contingency CUP(NCO, P)

ST - Short Tons
kbbl - Thousands of Barrels
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rate MDR(P). Thus,

NB
MD(P) = MDR(P) + Z BIR(P) (IV=1)
I=1

Since initially all demands will be satisfied, the ISP supply

rate SR(P) is set equal to the demand rate. Thus,

SR(P) = MD(P) (Iv-2)

For subsequent use, the user demand rate MDP(P) and supply rate

SRP(P) are required. These are given as follows:

MDP(P) = MD(P) - MDR(P) (IV=-3)

SRP(P) = SR(P) - MDR(P) (IV=4)

The module next establishes the required cycle time for a cargo
carrier with a full load. This includes the round trip transit
time between the supply source and the ISP, the cargo
preparation-for-shipment time, the cargo carrier loading and
unloading times at the supply source and ISP respectively, and
the recycle down time for the cargo carrier. This latter factor
includes sufficient time for cargo carrier maintenance, liberty
for the crew, and other activities required between cruises,
44




This cycle time, denoted by TCY(P), is computed as follows:

| TCY (P)=SCC(P) (SPIl{(P) + sy * MS&(P))
| A sonce |
!
where SCC(P) = cargo carrier capacity ;
SPR(P) = cargo preparation rate
SCL(P) = cargo loading rate at the supply source
MSU(P) = cargo unloading rate at the ISP
MSD(P) = transit distance between supply source ]
and ISP
SCS(P) = cargo carrier speed é
4
SDT(P) = recycle down time.

The above parameters are all program inputs. The module then
calls on subroutine REVISE to determine the necessary pipeline
flow parameters. These computations are described later in
Section 11, Subroutine REVISE. The principal outputs of this
subroutine are: NC(P), the number of cargo carriers required to
maintain the pipeline operation; CL(P), the cargo carrier load
which may, in some cases, be less than its full capacity; and
TR(P), the separation time between cargo carriers (that is, the
time between arrival of cargo carriers at the ISP). At this {
juncture, it is assumed that a cargo carrier has just departed
from the ISP so thaf the ISP supply level SL{P) is at the maximum
storage capacity. That is,

SL(P) = M3C(P) (Iv-6)
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here MSC(P) is the input-specified ISP storage capacity. Also,
an indicator variable ESP(P) is set equal to zero to signify that
the ISP is not drawing from its emergency supplies.

The next function performed by the module is to
schedule the arrival of all the cargo carriers assigned to the

pipeline. For computational purposes, it is actually required to

schedule the arrival of one additional cargo carrier (that is, to
schedule the second arrival of the first scheduled cargo j
carrier). The variable NTC(P) %
= NC(P) + 1 denotes the number of scheduled arrivals maintained

in module storage. Associated with each cargo carrier arrival
time, denoted by DT(J,P), is also the cargo carrier load, denoted
by DC(J,P). At the onset, these variables are given by the

following equations, where J ranges from 1 to NTC(P):

DT(J,P) = JeTR(P) (IV-7)

DC(J,P) = CL(P) (IV-8)

'

where TR(P) and CL(P) were computed in subroutine REVISE, as
indicated above.

The remainder of this portion of the module is
concerned wWith the initializing of the remaining program and
pipeline operating variables. The module is an event-sequenced

model. That 1is, the time variable i3 incremented by the

occurrence of an event. Thus, module computations are performed

only at the time of occurrence of specific events. The variable

ET denotes an event type. The 3even event types included in the
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module are as shown in the following table.

ET Event Type

1 Cargo carrier arrival

2 ISP begins drawing from emergency
supplies

3 User's supply level drops down to safety
level

y User's supply level reaches critical

level (user withdraws)

5 Contingency occurs
6 Scheduled printout
7 Scheduled run termination

The array SE(I,P) denotes the next type of event associated with
user I, relative to pipeline P, and the array TE(I,P) stores the
time of occurrence of this event, Initially SE(I,P) is set equal
to zero for each I, which indicates that there is no next event
associated with the user, and TE(I,P) is set equal to a very

9). It should be noted here that, for users,

large number (1 x 10
only Event Types 3 and 4 are applicable, that is, SE(I,P) can
only assume the event type values of 3 or 4, in addition to the
no event value of zero. Although a contingency event (ET = 5) is
user-dependent, it is treated as a special case. These arrays
also contain three additional elements., The first represents an
ISP-related event and has an index value of NB1 = NB+1, where NB
is the number of users. At the onset, the next ISP related event
Wwill be the arrival of the first cargo carrier. Thus, SE(NB1,P)
is set equal to 1, and TE(NB1,P) i set equal to the scheduled
arrival time of the first cargo carrier, DT(1,P). Note here that
SE(NB1,P) can only assume the values of 1 or 2, the arrival of a
cargo carrier or the ISP beginning to draw from its emergency
supplies. The second additional element represents a contingency
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event and has an index value of NB2 = NB+2. The event type for
this element is always a contingency event, so that SE(NB2,P) = 5
at all times, Initially the time of occurrence of the next
contingency event is set equal to the time of occurrence of the
first contingency as specified by input. That is, TE(NB2,P) =
TC(1). The contingency event counter NCO is also set equal to
one. The third additional element represents a scheduled run
control operation and has an index value NB3 = NB + 3. Event
Types 6 and 7 are associated with SE(NB3,P), and initially
SE(NB3,P) = 6, with TE(NB3,P) = TP, the scheduled printout
interval.

There are several other program variables initialized
at this point. The current time variable CT is set equal to 0.0,
and the current event variable ET is set equal to zero, which
indicates that this is the start of the run, A contingency
pipeline counter IC is set equal to zero, as is also a user
withdrawal indicator IW. IC is used in the processing of
contingency events (Section 7), and IW is used in the processing
of user withdrawal events (Section 6). Descriptions of their use
are deferred until the processing of the respective events are
discussed.

The additional pipeline variables to be initialized are
user-oriented, with the exception of the last event time TLE(P),
which is set equal to 0.0. The user variables to be initialized
are the user demand rate BR(I,P), the user essential priority (in
relation to other users) BP(I,P), the user supply level BL(I,P),
the user supply rate BS(I,P), and a user in-game ilndicator
BIG(I). The latter is initially set equal to one to indicate
that the user is active, Should a user eventually withdraw, this
indicator would then be set equal to zero. The other user
variables are set equal to their respective input-specified
values, Thus,

BR(I,P) = BIR(I,P) (1v-9)
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BP(I,P) = BIP(I,P) (1V-10)
BL(I,P) = BML(I,P) (1v-11)
BS(I,P) = BIR(I,P) (Iv-12)

The latter equation holds true because, at the onset,
user demands are being satisfied.

The final operations performed under the initialization
function are to print out the supply levels and supply rates at
time zero on Qutput Tables 2,3, and 4 for each pipeline.

The module is now ready to begin the actual pipeline

operations, and proceeds to the control function.

2. Control (Fig. IV-2)

As mentioned before, the module is an event-sequencing

type. That is, the time variable increases in accordance with
the time of the next event, The control function simply
establishes the time and character of the next event to be
processed, The arrays TE(I,P) contain the time of the next event
for each user and also for the ISP, contingencies, and scheduled
run control operations for each pipeline. The associated array
SE(I,P) identifies the type of event to be processed. At the
completion of processing an event, the module will first set the
last-event time for the associated pipeline TLE(P) equal to the
current time. It then scans the TE(I,P) arrays to determine the
time of the next event and sets the current time equal to this

next event time. Thus,
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FIGURE IV-2. LOGIC FLOWCHART (CONTROL)
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CT = min | TE(L,P)} (IV-13)
(1=1...,NB3;P=1,2,3)

The value of P such that TE(I,P) achieves this minimum identifies
the pipeline associated with the event and the associated value
of I identifies the user if I = NB, or identifies the event as an
ISP-~dependent event (I = NB1), a contingency event (I = NB2), or
a scheduled run control event (I = NB3). The variables JP and JE
are set equal to the particular values of P and I, respectively,
generating the event. Thus, SE(JE,JP) identifies the type of
event to be processed, so that the event type variable ET is set
equal to SE(JE,JP).

If the event to be processed is a contingency event (ET

= 5), the variable JT is set equal to the user number instigating
the event, that is JT = CUN(NCO). If this user is no longer
active (BIG(JT) = 0), then this event will not occur, and the

contingency event counter NCO is incremented by one, Also, for

each pipeline, the next contingency event time TE(NB2,P) is set
equal to the time of occurrence of the next contingency. That
is, TE(NB2,P) = TC(NCO) for each P, In this case, the module
then again scans the TE(I,P) arrays to determine the time of the
next event and repeats the procedure described above, Otherwise,
the module sets the current time equal to the event-occurrence
time (CT = TE(JE,JP)) and computes the present supply levels for
the pipeline, inducing the event according to the following

equation
BL(I,P) = BL(I,P) - (BR(I,P) -~ BS(I,P))e (CT-TLE(P)) (IvV-14)
N SL(P) = SL(P) - SR(P)e (CT~TLE(P)) (Iv=15)

If this event is not a contingency, then the module prints out
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these new supply levels on Table 2 for the pipeline associated
with this event (for a contingency event, each pipeline may or
may not be affected, so the supply level printouts are deferred
until the event is actually processed). The module then proceeds
to process the event identified by ET in accordance with the

associated event processing described in the next seven sections.

3. Cargo Carrier Arrival Processing (Fig. IV-3)

On the arrival of a cargo carrier at an ISP, the ISP
supply level is increased by the amount of the cargo carrier
load. That is

SL(P) = SL(P) + DC(1,P) (IV-16)

Where P denotes the pipeline that is affected by this cargo
carrier arrival. That is, P + JP, where JP identified the
pipeline associated with this event previously in the control
processing. The module then prints out the message "CARGO
CARRIER ARRIVAL AT ISP" on the Event Chronology (Table 2) for
this pipeline. For subsequent computations, the previous

pipeline supply rate SROLD is stored, where

SROLD = SR(P) (IV-17)

Also, a pipeline stabilization indicator ITERM(P) is set equal to
zero, which will later signify that the pipeline operation has
not reached stabilization. The module then checks to see if
there are any interim cargo carriers in the pipeline operation.
The variable NIC(P) denotes the number of such cargo carriers.
Interim cargo carriers in the pipeline arise when there is a
change in the static pipeline operation, which can occur when
there is a contingency event or when a user withdraws.

If there are no interim carriers in this pipeline
(NIC(P) = 0), then the pipeline is in a stabilized state, and the
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stabilization indicator ITERM(P) is set equal to one. If there
are no more contingency events to be processed (NCO > NOC), and
all three pipeline operations have reached stabilization
(ITERM(P) = 2 for each pipeline), the computer run will be
terminated. In this case, the event type ET will be set equal to
seven (run termination), and the message "RUN TERMINATED--LAST
CONTINGENCY HAS BEEN STABILIZED" will be printed out on the Event
Sequenced Supply Level table (Table 2) and the Time Sequenced
Supply Level table (Table 3) for each pipeline, and the supply
rates will be printed out on the Supply Rate Variation table
(Table 4) for each pipeline. The module then proceeds to Output
Processing (Section 10). If there is another contingency to be
processed, or if at least one pipeline operation has not reached
stabilization, then the module will continue running. In this
case, cargo carrier arrivals are updated, and a new cargo carrier
is scheduled for the pipeline operation. This accomplished as
follows, where J ranges from 2 to NTC(P):

DT(J-1,P) = DT(J,P) (IV=18)
DC(J;I.P) = DC(J,P) (IV-19)
DT(NTC(P),P) = DT(NTC(P)-1,P)+TR(P) (IV-20)
DC(NTC(P),P) = DC(NTC(P)-1,P) (1V-21)

The next cargo carrier arrival event time TE(NB1,P) 1s also
updated by setting it equal to the new value of DT(1,P). At this
point, the module prints out the supply levels on the Event
Sequenced Supply Level table for this pipeline and returns to
Control (Section 2).

If there are interim carriers in the present pipeline,

then the processing of this event follows another course. First,

the cargo carrier arrivals are updated in accordance with Eq.
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(IV-17) and (IV-18) above. Because the present arriving cargo
carrier is an interim carrier, the number of interim cargo
carriers NIC(P) and the total number of cargo carriers in the
pipeline NTC(P) are each decreased by one. No new cargo carriers
are scheduled, because the pipeline operation has not yet
stabilized. The next cargo carrier arrival event time TE(NB1,P)
is also updated by setting it equal to the time of arrival of the
next cargo carrier, the new value of DT(1,P). A test is then
made to determine if the ISP supply level is greater than its
emergency supply level.

If the IS supply level is greater than its emergency
supply level (SL(P) > MES(P)), then the ISP can (for the present,
anyway) satisfy all demands. 1In this case, the ISP supply rate
SR(P) is set equal to the total demand rate MD(P), each active
user's supply rate BS(I,P) is set equal to its demand rate
BR(I,P), and the user's next event time TE(I,P) is set equal to a
large number. If the ISP's new supply rate is different than
before (SR(P)# SROLD), then the supply rates are printed out on
the Supply Rate Variation table for this pipeline, At this
point, it may be that the cargo carrier's load was greater than
the ISP could handle, This excess is called the present supply
surplus SFM1. It can be distributed immediately to any users
with supply shortfalls, as will be described later. Thus,

‘ 0. if SL(P) < MSC(P)

= (1v=22)
lSL(P)—MSC(P) if SL(P) > MSC(P)

SFM1

The next step is to determine the amount of future supply surplus

SFM2 that may be available before the next cargo carrier arrival.
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This is determined by the following equation

F 0., SL(P)-SR(P) . (DT(1.P)—CT)—MCS(P)} (IV=23)

SFM2 = max !

The total amount of supply surplus SFM that can be distributed at

this time is given by:

SFM = SFM1 + SFM2 (IV-24)

If SFM is greater than zero and there are users with supply
shortfalls, then this supply surplus is distributed to users in
accordance with the procedures described in Subroutine SHTFAL
(Section 14). Otherwise the cargo carrier will return to its
home base with an amount of supplies equal to SFM1. Because the
ISP supply level is greater than its emergency supply level, its
emergency supply level indicator ESP(P) is set equal to zero to
signify that the ISP is not drawing from emergency supplies. If
the present indicated ISP supply level SL(P) is greater than its
maximum storage capacity MSC(P), then SL(P) is now set equal to
MSC(P). The next step is to determine if the ISP will have to
draw from its emergency supplies before the arrival of the next
cargo carrier. This is accomplished by first determining the
time TEM at which the ISP would begin drawing from its emergency
supplies under the present ISP supply rate, assuming no cargo

carrier arrives before then, This is given by

- SL(P) - MES(P) _
TEM = CT+ K05 (1vV-25)

If TEM = DT(1,P), then a cargo carrier will arrive before this
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occurs, and the ISP's next event type will be a cargo carrier
arrival, so that SE(NB1,P) = 1 and TE(NB?1,P) = DT(1,P).
Otherwise, the ISP's next event type will be its beginning to
draw from emergency supplies, so SE(NB1,P) = 2 and TE(NB1,P) =
TEM. At this point, the module prints out the supply levels on
the Event Sequenced Supply Level table for this pipeline and
returns to Control (Section 2) to determine the next event to be
processed.

If the ISP supply level 1is not greater than its
emergency supply level (SL(P) < MES(P)), then the ISP may or may
not be able to satisfy all user demands. Thus, the maximum
allowable supply rate SRT for this pipeline is computed as

follows

SL(P) - MCS(P) (Iv-26)

SRT = 5T, P)-ctT

At this supply rate, the ISP supply level would just drop to its
critical level at the time of arrival of the next cargo carrier.
If this maximum allowable supply rate is greater than or equal to
the total demand rate (SRT.ZMD(P)). then the remainder of the
processing of this event 1is the same as in the previous case
where the ISP supply level was greater than its emergency supply
level, with the following exceptions: there is no present supply
surplus so that SFM1=0.; the ISP emergency supply level indicator
ESP(P) will remain equal to one; and the next event type fc- this
pipeline will be a cargo carrier arrival, that is, SE(NB1,P) = 1
and TE(NB1,P) = DT(1,P). If, on the other hand, the ISP cannot
satisfy all demand with its maximum allowable supply rate (SRT<
MD(P)), then a check is made to determine if the ISP can satisfy
its own demand (SRT > MDR(P)). If the answer is no, then the
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computer run will be terminated as the ISP would have to withdraw
before the arrival of the next cargo carrier, In this case, the
event type ET will be set equal to seven, and the message, "RUN
TERMINATED~-ISP CANNOT MAINTAIN SELF~SUPPLY, PIPELINE PN(P)" will
be printed out on the Event Chronologies for each pipeline, where
the PN(P) specified in the message is the pipeline name of the
pipeline instigating the run termination. In addition, the
supply ‘levels will be printed out on the Event Sequenced Supply
Level table and the Time Sequenced Supply Level table for each
pipeline, and the supply rates will be printed out on the Supply
Rate Variation table for each-pipeline., The module then proceeds
to Output Processing (Section 10).

If the ISP can satisfy its own demand, then the ISP
supply rate SR(P) is set equal to SRT, and the allowable user
supply rates are determined. Subroutine ALLOC (Section 13)
determines weighting factors WB(I) that determine the amount of
the expected shortfall to be allocated to each user. These
weighting factors take into account the users' demand rates and
essential priorities, The new user supply rates are then

computer as follows:

BS(I,P) = BR(I,P) - WB(I)e(MD(P) - SR(P)) (IV=27)

The next step is to call on Subroutine NEXTEV (Section 12) to
determine the next event times and types for each user, relative
to the pipeline being processed. If the ISP supply rate has
changed from its previous value (SR(P) # SROLD), then the new
supply rates are printed out on the Supply Rate Variation tabble
for this pipeline. The ISP emergency supply indicator ESP(P) for
this pipeline remains at unity, and the next event will be a
cargo carrier arrival, that is, SE(NB1,P) = 1 and TE(NB2,P) 1=

DT(1,P). The supply levels are then printed out on the L.ent
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Sequenced Supply Level table for this pipeline, and the module
returns to Control (Section 2) to determine the next event to be
processed. This completes the Cargo Carrier Arrival processiag

function.

4, ISP Emergency Supply Level Processing (Fig., IV-4)

When an ISP's supply level drops below its emergency
supply level, the module immediately prints out the message "ISP
DIPPING INTO EMERGENCY SUPPLIES" on the Event Chronology for this
pipeline. It also sets the ISP's emergency supply level
indicator ESP(P) equal to one. Next, the maximum allowable
supply rate for the ISP, denoted by SRT, is computed in the same
manner as indicated previously in Eq. (IV=26).

If user demands can still be satisfied (SRT> MD(P)),
then the next event for the ISP will be a cargo carrier arrival,
that is, SE(NB2,P) = 1 and TE(NB1) = DT(1,P). The module then
returns to Control (Section 2) to determine the next event to be
processed.

If user demands cannot be satisfied, the ISP supply
rate SR(P) is set equal to its maximum allowable supply rate,
SRT, and the module checks to see if the ISP can satisfy its own
demand (SRT > MDR(P)). If the answer is no, then the computer run
will be terminated, as the ISP would have to withdraw before the
arrival of the next cargo carrier. In this case, the event type
ET is set equal to seven, and the message 'RUN TERMINATED--ISP
CANNOT MAINTAIN SELF-SUPPLY, PIPELINE PN(P)' will be printed out
on the Event Chronolcgies for each pipeline, where the PN(P)
specified in the message is the name of the pipeline instigating
the run termination. In addition, the supply levels will be
printed out on the Event Sequenced Supply Level table and the
Time Sequenced Level table for each pipeline, and the supply
rates will be printed out on the Supply Rate Variation table for
each pipeline,. The module then proceeds to Output Processing
(Section 10).

If the ISP can satisfy its own demand, the allowable
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user supply rates and the next event times and types for each
user relative to the pipeline being processed are determined in
the same manner as that described at the end of the previous
section. The new supply rates are printed out on the Supply Rate
Variation table for this pipeline, and then the module returns to
Control (Section 2) to determine the next event to be processed.

This completes the ISP Emergency Supply Level Processing.

5. User Safety Level Processing (Fig. IV-5)

When a user's supply level drops below its safety
level, the module prints out the message "SUPPLY LEVEL DROPS
BELOW SAFETY LEVEL-~USER NUMBER JE" on the Event Chronology for
this pipeline. For subsequent use, the user's previous supply
rate BSOLD is stored, where

BSOLD = BS(JE,P) (Iv-28)

with JE denoting the index of the user instigating this event.
The user's essential priority BP(JE,P) is set equal to four. The
module next determines new supply rates for each user in this
pipeline and then establishes the next event types and times of
each user relative to the pipeline being processed. These are
done in the same manner as that described at the end of Section 3
(Cargo Carrier Processing). If the supply rates change, the new
supply rates are printed out on the Supply Rate Variation table
for this pipeline, and then the module returns to Control
{Section 2) to determine the next event to be processed. This
corpletes the User Safety Level processing.

6. User Withdrawal Processing (Fig. IV-6)

When a user's supply level reaches its critical level,
the user has just enough supplies furnished by the
event-instigating pipeline to withdraw from its assigned station
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and return to a safe haven, Thus, the user 1is assumed to
withdraw, and its demands on the ISP no longer have to be
satisfied. At this time, the withdrawing user's in-game
indicator BIG(JE) is set equal to zero, and the user withdrawal
indicator IW is set equal to one. Because a user withdrawal will
affect each pipeline operation, all three pipelines are subjected
to processing for this event. The module thus sets P=1 and
begins the event processing for the first pipeline.

The module first stores the previous values of the
pipeline's supply rate SROLD, the total demand rate MDOLD, and
the cargo carrier load CLOLD, for the static pipeline operation.
That is,

SROLD = SR(P) (Iv-29)
MDOLD = MD(P) (IV=-30)
CLOLD = CL(P) (IV-31)

Next, the message "SUPPLY LEVEL REACHES CRITICAL LEVEL USER
NUMBER JE, USER WITHDRAWALS--INSTIGATING PIPELINE-PN(JP)" orn the
Event Chronologies for each pipeline, where JE denotes the index
of the instigating user and JP denotes the pipeline associated
wiith the supply shortfall., If the pipeline being processed is
not the one causing the withdrawal event, the present ISP and
user supply levels are determined in accordance with Eq. (IV-13)
and (IV-14), These are then printed out on the Event Sequenced
Supply Level table for this pipeline (for the pipeline causing

this event, this supply level printout was already done in
Control). Next, the time of last event for this pipeline TLE(P)

1s set equal to the current time, CT. The module then computes
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the new total demand rate by subtracting out the withdrawing

user's demand rate. Thus,
MD(P) = MD(P) - BR(JE,P) (IV-=32)

The instigating user is now withdrawn from the pipeline operation
by setting its supply rate BS(JE,P), its demand rate BR(JE,P),
and its next event type SE(JE,P) to zero. Also, this user's next
event time TE(JE,P) is set equal to a large number.

The module then checks to see if all users have now
withdrawn, If so, the event type ET is set equal to seven and
the message "RUN TERMINATED--ALL USERS HAVE WITHDRAWN" is printed
out on the Event Chronologies for each pipeline. 1In addition,
the supply level will be printed out on the Event Sequenced
Supply Level table for each pipeline, and the suoply rates will
be printed out on the Supply Rate Variation table for each
pipeline. The module then proceeds to Output Processing (Section
10).

If there are still active users, the module then checks
to see if the pipeline being processed is the one causing the
user withdrawal. If it is not, the processing is transferred to
the Contingency Event Processing (Section T7), where the
processing parallels that of a contingency‘ event in which a
user's demand rate is decreased. The processing activity is
described in that section. If this is the pipeline causing the
user withdrawal, the module then determines if the revised user
total demands can now be satisfied by the ISP, If this is not
the case, then the module determines new supply rates for each
active user in this pipeline and then establishes the next event
types and times of each user relative to the pipeline being
processed. These are done in the same manner as that described
at the end of Section 3 (Cargo Carrier Processing).

If user's demands can be met, then the ISP supply rate
SR(P) is set equal to the total demand rate MD(P), each active

user's supply rate BS(I,P) is set equal to its demand rate
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BR(I,P), and their next event times TE(I,P) are set equal to a
large number. With the withdrawal of a user, a supply surplus
may possibly be accumulated before the arrival of the next cargo
carrier. If this is the case (SROLD >MD(P)), then the amount of

Supply surplus is determined by the following equation:
SFM = (SROLD - MD(P)) » (DT(1,P) - CT) (IV-33)

This supply surplus is then distributed to the active users
according to the procedures described in Subroutine SHTFAL
(Section 14). Because user supply levels have changed, these new
supply levels are printed out on the Event Sequenced Supply Level
table for this pipeline.

In each case above involving active users, the ISP and
user supply rates have changed. These are now printed out on the
Supply Rate Variation table for this pipeline. The next step is
to determine the number of enroute cargo carriers, To do this,
it is first required to determine the arrival time of a
hypothetical cargo carrier that would be in a load preparation at
the time that a revised supply order would be received at the
supply source. This arrival time is determined as follows:

. 1 1 1 MSD(P)
TEM = CT + CLOLD-(SPR(P) * saoy t MSU(P))+ ST scs(py T MOT(®)

(IV-34)

where CLOLD is the previous static pipeline cargo carrier load
for this pipeline, MOT(P) is the ISP order time, and the

remaining variables are as indicated following Eg. (IV-5) in
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Section 2. Thus, if DT(J,P)< TEM, then this Jth cargo carrier
Wwill be identified as an iterim cargo carrier and will remain in
the cargo carrier arrival schedule. The number of interim cargo
carriers NIC(P) wiil be set equal to the total number of such

cargo carriers, Subroutine REVISE (Section 11) will then be

i,

called upon to establish the new static pipeline flow parameters:
that is, the number of cargo carriers required to maintain the 1

pipeline operation NC(P); the cargo carrier load for each of
these carriers CL(P); and the separation time between cargo :
carriers TR(P), The total number of cargo carriers in the

pipeline operation NTC(P) is then determined as follows:
NTC(P) = NIC(P) + NC(P) + 1 (Iv=35}

where it should be recalled that one extra cargo carrier is

scheduled in the normal pipeline operation. The scheduled

arrival at the ISP of the static pipeline cargo carriers and
their associated loads must now be established. These are given
as follows, where J ranges from 1 to NC(P) + 1:

DT(NIC+J,P) DT(NIC(P),P) + J e TR(P) (IV-36)

DC(NIC+J,P) = CL(P) (Iv-37)

Since a user withdrew, any shceduled contingency event
associated with this user must be cancelled. This cancellation
process proceeds as follows. A no-event indicator IJ is
initially set equal to zero. If there are no more scheduled
contingency events (NCO> NOC), the the time of the next
contingency event TE(NB2,P) for each pipeline is set equal to a
large number. If there are more scheduled contingency events,
then a test is made to determine, in sequence, if the scheduled
contingency event involves the withdrawing user. If the answer
is no, then nothing is done. If the answer is yes, then that

contingency event is eliminated from the contingency event
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schedule, and the remaining contingency events are moved up in
the scheduling arrays. If JJ denotes the contingency index
number of the contingency to be cancelled, then for J = JJ to NOC
and for all 1P,

TC(JJ) = TC(IJ+1) (Iv-38)
CUN(JJ) = CUN(JJ+1) (IV-39)
CUD(JJ,P) = CUD(JJ+1,P) (IV-40)
CUP(JJ,P) = CUP(JJI+1,P) (Iv-41)

The total number of contingency events NOC is reduced by one for
each cancellation and if there is another contingency event
involving an active user, then the no-event indicator IJ is set
equal to one. If there still is a scheduled contingency event
involving the event, then the next contingency event time
TE(NB2,P), for each pipeline, is set equal to the time of the
next scheduled contingency event, Otherwise, this variable is
set equal to a lérge number for each pipeline,

At this juncture, the processing of pipelines not
causing the user withdrawal returns from the processing that was
conducted in the Contingency Event Proceessing section. If there
is another pipeline to be processed, then the pipeline index is
incremented by one and this pipeline is processed as described
above, beginning with the second paragraph of this section.
Otherwise, the user withdrawal indicator IW is set equal to zero
and the module returns to Control (Section 2) to determine the
next event to be processed. This completes the User Withdrawal

processing function.

7. Contingency Event Processing (Fig. IV-T7)

When a contingency event occurs, each pipeline may or

may not be affected. Thus, each pipeline will be subjected to
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FIGURE (V-7.a LOGIC FLOWCHART (CONTINGENCY EVENT PROCESSING)
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FIGURE IV-7b LOGIC FLOWCHART (CONTINGENCY EVENT PROCESSING)
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independent processing at the time ‘of occurrence of a
‘ contingency. That is, three contingency events are scheduled, i
one for each pipeline, at the time of occurrence of a
contingency. The processing of one of these events is described
now. :

i

The variable JE is used to denote the user instigating

the contingency event, so this is set equal to CUN(NCO). The
module then stores the previous values of the ISP supply rate
BSOLD, the total demand rate MDOLD, the static pipeline cargo 4
carrier load CLOLD and the instigating user's essential priority

BPOLD. The contingency pipeline counter IC is incremented by one

el M

and the time of the next contingency event for the pipeline P

being processed TE(NB1,P) is temporarily set equal to a large

number. The module next determines the possibly new total demand ]
rate MD(P) as follows:

MD(P) = MD(P) - BR(JE,P) + CUD(NCO,P) (Iv-42)

where CUD(NCO,P), a program input, is the instigating user's
possibly new demand rate. This demand rate could be the same as
before, if the contingency only reflects a change in the user's
essential priority or if this pipeline is not affected by the
contingency, The instigating user's demand rate BR(JE(P) is then
set equal to its possibly new value CUD(NCO,P), and its normal
essential priority BIP(JE,P) is set equal to its possibly new
value CUP(NCO,P). If the user's supply level is not in the
safety region, then the user's actual essential priority BP(JE,P)
is also set equal to CUP(NCO,P).

If this is the last pipeline to be processed for this

contihgency (IC=3), then the next contingency to be processed is
determined. The contingency event counter NCO is incremented by
one, and then a check is made to determine if there is another
scheduled contingency. If not (NCO > NOC), then the time of
occurrence of the next contingency event TE(NB2,IP) is set equal

to a large number for each pipeline IP (recall that the index P
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& at this point refers only to the pipeline being processed).

Otherwise, a check is made to determine if the next scheduled

contingency involves an active user (BIG(CUN(NCO)) = 1). If not,
the contingency event counter is incremented by one, and the
procedure described immediately above is repeated. Otherwise,
the next contingency event time TE(NB2,IP) for each pipeline IP
is set equal to the time of occurrence of the next contingency
TE(NCO).

Whether or not this is the last pipeline to be
processed for this contingency, the module processing proceeds in
the following manner. A test is made to determine if the
instigating user's demand rate for this pipeline increased (MD(P) > !
MDOLD), decreased (MD(P) < MDOLD), or remained the same (MD(P) = é
MDOLD). Each of these cases requires different processing.

The simplest case is when the wuser's demand rate
remained the same. A test is then made to determine if the
user's normal essential priority changed (BIP(JE,P) BPOLD). If
not, then this contingency does not affect the pipeline being
processed and the module returns to control (Fig, IV-2) to
determine the next event to be processed. Otherwise, the message
"CONTINGENCY EVENT--USER NUMBER JE" is printed out on the Event 3
Chronology for this pipeline, where JE denotes the index of the
instigating user. Also, the supply levels are printed out on the
Event Sequenced Supply Level table for this pipeline., If demand
is being satisfied (SR(P) = MD(P)), or if the instigating user's
supply level is in the safety region (SE(JE,P) = U4)so that its
present essential priority is at the maximum value of unity),
then this change in the normal essential priority for this user
will not affect the present pipeline operation. Thus, the module
returns to Control (Section 2) to determine the next event to be
processed. Otherwise, this change in the normal essential
priority will affect the pipeline operation through the

alteration of the user supply rates, which are presently less
than their respective demand rates and, as such, are dependent on

the user's essential priorities. The module then proceeds to
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determine new supply rates for each active user in this pipeline
and then establishes the next event types and times of each user
relative to the pipeline being processed. These are done in the
same manner as that described at the end of Section 3 (Cargo
Carrier Processing). The module then returns to Control (Section
2) to determine the next event to be processed. This completes
this portion of the Contingency Event Processing.

If the instigating user's demand rate for this pipeline
increased due to this contingency, the module processing proceeds
in the following manner, First, the message "CONTINGENCY
EVENT--USER NUMBER JE" is printed out on the Event Chronology for
this pipeline, and the supply levels are printed out on the Event
Sequenced Supply Level table for this pipeline. The next
function is to establish, by calling on Subroutine REVISE
(Section 11), the new static pipeline flow parameters: that is,
the number of cargo carriers required to maintain the static
pipeline operation NC(P); the cargo carrier load for each of
these carriers CL(P); and the separation time between cargo
carriers TR(P). The module then checks to see if the ISP is
drawing from its emergency supplies (ESP(P) = 1). If not, the ISP
supply rate is set equal to the new total demand réte {SR(P) =
MD(P)), and the instigating user's supply rate is set equal to
its new demand rate (BS(JE,P)). If the ISP is drawing from
emergency supplies, then the next step is to determine the
maximum allowable supply rate, SRT, which is computed as
indicated previously in Eq. (IV-26) in Section 3, If user
demands can still be satisfied (SRT >MD(P)), then the ISP supply
rate 1s set equal to the new total demand rate, and the
instigating user's supply rate is set equal to its new demand
rate, as indicated above. If user demands cannot be satisfied,
then the ISP supply rate is set equal to its maximum allowable
value (SR(P) = SRT). The module then determines the allowable
user supply rates and the next event times and types for each

user relative to the pipeline being processed, in the manner as

that described at the end of Section 3 (Cargo Carrier
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Processing). For all the cases described in this paragraph, the
module then prints out the new supply rates on the Supply Rate
Variation table for this pipeline,

The next function is to set up a new cargo carrier
arrival schedule. The first step is to determine the time of
arrival, TFA, of the first possible newly scheduled cargo carier.

This is given by the following equation:

1 1 1
TFA = CT + SCC(P) o (SPR(P) * syt MSU(P)> (IV-43)

MSD(P)

24 5Cs(py T MOT(P)

The next step i3 to determine the number of enroute cargo
carriers, This requires the determination of the time of
arrival, TEM, of a hypothetical cargo carrier that would be in
load preparation at the time that a revised supply order would be
received at the supply source. This is computed the same as TFA
above in Eq. IV-43, with the exception that SCC(P) is replaced by
CLOLD, the previous static pipeline cargo carrier load. The
previous cargo carrier arrival DT(J,P) is then compared with TEM.
If DT(J,P) < TEM, then this Jth cargo carrier will be identified
as an interim cargo carrier and will remain in the cargo carrier
arrival schedule. The number of interim cargo carriers NIC(P)
will be set equal to the total number of such cargo carriers.
Since there has been an increase in demand, these interim cargo
carriers will not carry sufficient supplies to meet demand during
the interim period, Thus the amount of expected shortfall, CAR,
that will have to be made up is now computed in the following

manner. Let TSA denote the time of arrival of the next scheduled
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non-enroute cargo carrier, and let CLP denote its cargo load,

that is
TSA = DT(NIC(P)+1,P) (1V-44)
1
CLP = DC(NIC(P)+1,P) (IV-45) ‘
Then ﬁ
CAR = CLP + (MD-MDP)s(TSA-CT) (IV=46)

where CAR actually includes some extra shortfall that would
accumulate in the time interval from the time of arrival of the
first possible newly scheduled cargo carrier, TFA, to the time of
arrival of the next scheduled non-enroute cargo carrier, TSA.
This is accounted for in scheduling new interim cargo carriers,
as will now be described.

The number of new interim cargo carriers required,
denoted for the present by the dummy variable TEM, is computed as
follows:

CAR - MD(P)* (TSA-TFA) (IV=U7)

™ =
T SCC(P)

Now TEM may not be an integer variable. Let ITEM be the smallest
integer equal to or less than TEM. Then, this number of cargo
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carriers will be scheduled immediately. Hence, they will arrive
at the ISP at time TFA. Thus,

DT(NIC(P)+J,P) = TFA (IV-48)

DC(NIC(P)+J,P) = SCC(P) (IV-49)

where J ranges from 1 to ITEM. If TEM happened to attain an
integer value, then no more interim carriers will be scheduled
and the number of interim carriers NIC(P) in the new pipeline

Wwill be given as follows:

NIC(P) = NIC(P) + ITEM (1IV=50)

If TEM is not integer-valued, then one more interim cargo carrier
must be scheduled, but it will have a greater time of arrival
than TFA. To determine this time of arrival, it is first
required to determine the time of arrival, TL, of the previous
departing cargo carrier. If ITEM was greater than zero, then TL
= TFA. If not, then TL = DT(NIC(P),P) if there are enroute cargo

carriers, or if there are no enroute cargo carriers, then

1L = or - MSC(P) ~ SL(P) (IV-51)

MD(P)




a fictitious time of arrival of a previous cargo carrier, at
present demand rate, that if fully loaded would arrive in time
with the proper load. At this point, the number of additional
interim cargo carriers ITEM is increased by one to account for

this one presently being scheduled. That is,

ITEM = ITEM + 1 ' (IV-52)

Next, the required time of arrival TLA of this last interim cargo S

carrier, given a full cargo load, is determined as follows:

i i b s Y

CAR-ITEM- SCC (P) (Iv-53)

TLA = TSA -
MD(P)

It is now required to check if the interval of time between
arrival of this last interim cargo carrier and the previous
arriving one (TLA-TL) is greater than the new separation time

between arrivals TR(P) of cargo carriers in the static pipeline.

v iy s T— —

If not, this last interim carrier is scheduled to arrive at time
TLA with a full cargo load. That is,

DT(NIC(P)+ITEM,P) = TLA (IV-54)

DC(NIC(P)+ITEM,P) = SCC(P) (IV-55)

!

If (TLA-TL) is greater than TR(P), then the cargo carrier will be
scheduled to arrive sooner with a less-than-full cargo load, but
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not before the time of the first possible newly scheduled cargo
carrier arrival TFA. Let the dummy variable TEM be determined as

follows

TEM = max{TL+TR, TFA} (IV-56)

Then the scheduled time of arrival and cargo load of this last

scheduled interim cargo carrier are given as follows:

DT(NIC(P)+ITEM,P) = TEM (IV-5T)

DC(NIC(P)+ITEM,P) = SCC(P) - MD(P)e (TLA-TEM) (IV-58)

The number of interim cargo carriers in the pipeline NIC(P) is
now determined according to Eq. (IV-50), specified previously in
this section, This completes the scheduling of interim cargo
carriers for the new pipeline.

The next step is to schedule the new static pipeline
cargo carriers. The static pipeline flow parameters (NC(P),
TR(P), and CL(P)) were established earlier in the processing of
this increase-in-demand case. The scheduled arrival times and

cargo loads of these carriers are given as follows:

DT(NIC(P)+J,P) = DT(NIC(P),P) + JeTR(P) (IV-59)
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DC(NIC(P)+J,P) = CL(P) (IV-60)

where J ranges from 1 to NC{(P)+1. The total number of cargo
carriers NTC(P) in the pipeline is also determined by the

following equation:

NTC(P) = NIC(P) + NC(P) + 1 (IV-61)

The final step is to determine the next event type and
time for the ISP, 1If the ISP is presently drawing from emergency
supplies (ESP(P) = 1), then the next event type will be a cargo
carrier arrival (SE(NB1,P) = 1), and the time of occurrence will
be the arrival time of the next cargo carrier (TE(NB1,P) =
DT(1,P)). Otherwise, it must be determined if the next cargo
carrier will arrive before the ISP would have to begin drawing
from its emergency supplies. Let TEM denote this time, then

_ SL(P)-MES (P) _
TEM = CT + O (IV-62)

If TEM is greater or equal to the time of arrival of

the next cargo carrier, then the next ISP event will be the
arrival of the cargo carrier (SE(NB1,P) = 1 and TE{(NB1,P) =
DT(1,J)). Otherwise, the next event will be the ISP drawing from
its emergency supplies (SE(NB1,P) = 2 and TE(NB1,P) = TEM).
At this point, the module returns to Control (Section
89
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2) to determine the next event to be processed. This completes

this portion of the Contingency Event Processing,

If the instigating user's demand rate for this pipeline
decreased due to this contingency, the module processing proceeds
in the following manner. First, the message "CONTINGENCY
EVENT--USER NUMBER JE" is printed out on the Event Chronology for
this pipeline. At this point, the processing of a user
withdrawal for the non-instigating pipeline parallels the
Contingency Event processing. Here, the User Withdrawal
Processing (Section 6) is transferred to this processing section
of the module. The module next prints out the supply levels on
the Event Sequenced Supply Level table for this pipeline.

If the ISP is not drawing from its emergency supplies
(ESP(P) = 0), then the ISP supply rate SR(P) is set equal to the
new total demand rate MD(P), and the instigating user's supply
rate BS(JE,P) is set equal to its new demand rate BR(JE,P). The
new supply rates are then printed out on the Supply Rate
Variation table for this pipeline.

If the ISP is presently drawing from its emergency
supplies, then the first step is to determine its maximum

allowable supply rate SRT as follows:

SL(P) - MCS(P) (IV-63)

SRT = 37(1P) - cT

If total demand cannot be satisfied (SRT < MD(P)), then the ISP
supply rate is set equal to the maximum allowable supply rate
{(SR(P) = SRT). The allowable user rates and the next event times
and types for each user relative to this pipeline are then
determined in the manner described at the end of Section 3 (Cargo
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Carrier Arrival Processing).

If total demand can be satisfied, the ISP supply rate
is set equal to the total demand rate (SR(P) = MD(P)), and the
user supply rates are set equal to their demand rates (BS(I,P) =
BR(I,P)). Also, the users’ next event times TE(I,P) are all set
equal to a large number, With a decrease in demand, a supply
surplus may be accumulated before the arrival of the next cargo
carrier, If this is the case (SRT > MD(P)), then the amount of
supply surplus SFM is determined by the following equation:

SFM = (SRT-MD(P)) e (DT(1,P)-CT) (IV-64)

This supply surplus is then distributed to the active users, in
accordance with the procedures described in Subroutine SHTFAL
(Section 14). Because user supply levels have changed, these new
supply levels are printed out on the Event Sequenced Supply Level
table for this pipeline,

In the above cases where the ISP was previously drawing
from its emergency supplies, at least one user supply rate has
changed. Thus, the ISP and user supply rates are printed out on
the Supply Rate Variation table for this pipeline.

For all decrease-in-demand cases, the next function is
to set up a new cargo carrier.arrival schedule. The first step
is to determine the arrival time, TEM, of a cargo carrier that
would be in load preparation when the new supply order revision
is received at the supply source. This is determined by the

following equation:




= 1 1 1 _
TEM = CT + CLOLD e (SPR(P) + SCL(P) + MSU(P)) (IV=-65)

MSD(P)

3%« Sscs(py T MOT(P)

Next, the number of enroute carriers is determined. If DT(J,P)
TEM, then this Jth cargo carrier will be identified as an interim
cargo carrier and will remain in the cargo carrier arrival
schedule. The number of interim cargo carriers NIC(P) will be
set equal to the total number of such cargo carriers. Because
there has been a decrease in demand, these cargo carriers will be
carrying an excess of supplies, but it would be inefficient to
change their already implemented schedule. However, for the next
scheduled cargo carrier, this can be accomplished. First, the
amount of overfall SOF that the cargo carrier would be carrying
is determined in the following manner, Its present scheduled
time of arrival, TN, and its cargo load, CLI, are given as

follows:

TN = DT(NIC(P)+1,P) (IV-66)

CLI = DT(NIC(P)+1,P) (IV-6T)

Also required is the time of arrival, TL, of the last interim
carrier now scheduled, If there are no scheduled interim
carriers, then this time of arrival is set equal to the current
time for this computation. Thus,
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\\ \>YV-68)

CT if NIC(P) = 0 \

N
For subsequent computations, in the case where there are no

interim cargo carriers, the variable TL is reset to \he
following:

_ MsC(P) - SL(P) (1V-69)
MD(P)

TL = CT

Also, at this point, the number of intrim carriers is increased
by one (NIC(P)+1). The projected supply overfall, SOF, is then
determined by the following equation:

SOF = (MDOLD - MD(P))e(TN-TL) (IV-70)

The scheduled arrival of this cargo carrier may be extended to
the time TPA, where

SOF + SCC(P) - CLI

TPA = TN +
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This will be the case if the time interval between arrival of
this last interim cargo carrier and the previous arriving one
(TPA-TL) is less than or equal to the new separation time between 1
arrivals TR(P) of cargo carriers in the static pipeline. If so, ;
this last interim cargo carrier is scheduled to arrive at time

TPA with a full cargo load. That is,

TPA (IV-72)

DT(NIC(P),P)

DC(NIC(P),P) = SCC(P) (Iv-73)

If (TPA-TL) is greater than TR(P), then the scheduled arrival
time must be decreased, accompanied by a decrease in cargec load.
To accomplish this, the time of first possible arrival, TFA,
which will bring the ISP supply level to its maximum, is first
determined. Now the cargo load will itself be a function of TFA,
that is,

CLI = SCC(P) - (TPA-TFA)eMD(P) (Iv-78)

Substituting this in the normal equation for the time of arrival
(i.e., see Eq. IV-65) results in the following equation: '

FA = CT + (SCC(P) - (TPA-TFA) e MD(P))-(SP;(P) + scé(P) + MSIII(P))

MSD(P)

* 2% 5C5(P)

+ MOT(P)
(IV-75)

94




TFA =

Solving this for TFA results in the following solution:

Cron e 1 1 1 MSD(P)
CT + (SCC(P)-TPA MD(P))‘(SPR(P) tsaey b MSU(P)) 7% « SCS (P)

+ MOT(P)

1 1 L
1-MD(P)e (SPR(P) T seLe) T MSU(P))

The interval between arrivals must now be checked. If (TFA-TL) is
greater than TR(P), then the TR(P) time requirement between
arrivals cannot be satisfied. Thus, TFA, representing the
arrival time of the first possible newly scheduled cargo carrier,
will be the scheduled arrival time of the last interim carrier.

In this case,

DT(NIC(P),P) = TFA (IV-TT)

DC(NIC(P),P) = CLI (IV-78)

On the other hand, if (TFA-TL) is 1less than TR(P), then the
scheduled arrival can be extended so0 that the time interval
between arrivals equals TR(P). Thus,
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DT(NIC(P),P) = TL + TR(P) (IV-79)

DC(NIC(P),P) = SCC(P) - (TPA-TR(P)~TL)eMD(P) (Iv-80)

This completes the scheduling of interim cargo carriers for the
new pipeline.

The next step is to schedule the new static pipeline
carriers, determine the total number of cargo carriers in the
pipeline, and determine the next event time and type for the ISP.
This is done in the manner previously descriibed in this section
(see discussion surrounding Eq. (IV-59) to IV-62)).

The final step is to determine the proper return point
in the module. If the event being processed is a User Withdrawal
Event (IW=z1), then the module returns to the end of the User
Withdrawal Processing (Section 6) to determine if there is
another pipeline to be processed. Otherwise (IW=0), the event
being processed is a Contingency Event, and the module returns to

Control (Section 2) to determine the next event to be processed.

8. Routine Printout Processing (Fig. IV-8)
The first step is to determine the time TEM for the
next scheduled printout. This is given as follows:

TEM = CT+TP (IV-81)
where TP is the input-specified printout interval. If this time
is less than the scheduled run duration TDUR, then the time of

the next scheduled printout is set equal to TEM. That is,

TE(NB3,P) = TEM (IV-82)

Because the scheduled event type is already a Scheduled Printout
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FIGURE IV-8 LOGIC FLOWCHART (ROUTINE PRINTOUT PROCESSING)
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Event (SE(NB3,P) = 6), this variable nead not be changed. 0On the
other hand (TDUR < TEM), the next scheduled event will be a Run

Termination Event that will occur at time TDUR. Thus,

TE(NB3,P) TDUR (IV-83)

SE(NB3,P) =

]
-3

(IV-84)

Once the next scheduled event time and type have been
established, the module prints out the supply levels on the Time
Sequenced Supply Level table for this pipeline., The module then

returns to Control to determine the next event to be processed.

9. Scheduled Run Termination Processing (Fig. IV-9)

When a Run Termination Event occurs, the supply levels
for the pipeline whose event was chosen will already have been
determined in Control processing and printed out on the Event
Sequenced Supply Level table for that pipeline, The supply
levels for the other pipelines are now determined in accordance
with Eq. (IV-13) and (IV-14) of Section 2, and they are printed
out on their respective Event Sequenced Supply Level table. The
module then prints out the message "RUN TERMINATED BEFORE LAST
CONTINGENCY HAS BEEN STABILIZED"™ on the Event Chronologies of
each pipeline. 1In addition, the supply levels and supply rates
are respectively printed out on the time Sequenced Supply Level
Table and Supply Variation table for each pipeline. The module
then proceeds to Output Processing (Section 10).

10. Output Processing (Fig. IV-10)

The output tables for each pipeline are stored on
separate internal files. In Output Processing, the module copies
these internal files, in sequential order for each pipeline, onto
the final output file, which is then printed out on a line
printer. This completes a module run,
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11. Subroutine REVISE (Fig, IV-11)
This subroutine 1is called at several points throughout

the main module when the demand on the ISP is altered. Its
purpose is to establish static pipeline flow parameters that will
satisfy this new demand. The flow parameters are: NC(P), the
number of cargo carriers required to maintain the static pipeline
operation; CL(P), the cargo carrier load; and TR(P), the
separation time between cargo carriers. '

The first step in establishing these pipeline flow
parameters is to determine the maximum allowable
time-between-arrivals TCM for cargo carriers so that the ISP
would not have to draw from its emergency supplies during static

pipeline operations, This is computed by the following equation:

_ MSc(P) - MES(P) (1Iv-85)

TCM ¥D (D)

where MSC(P) is the 1ISP's storage capacity, MES(P) is its
emergency supply level, and MD(P) is the total demand rate on the
ISP. The next step is to determine the number of supply days,
TEM, that could be provided by one cargo carrier with a full
load. This is given by

- SCC(P) -
TEM = 3509) (IV-86)

where SCC(P) is the cargo carrier capacity.

If this number of supply days is less than or equal to
the maximum allowable time-between-arrivals (TEM < TCM), then
cargo carriers with full loads will be scheduled for the pipeline

operation. Thus,
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L TN

TR(P) = TEM (IV-87)
CL(P) = 3CC(P) (Iv-88)
TCP = TCY (Iv-89)

where TCP denotes the cargo carrier cycle time and TCY is. a cargo
carrier's maximum cycle time, computed in the module
Initialization (see Eq. (IV-5) of Section 1). TCP is required
below in determining the number of cargo carriers required to
maintain the static pipeline operation,

If the number of supply days provided by a fully-loaded
cargo carrier exceeds the maximum allowable time-between-arrivals
(TEM > TCM), then cargo carriers with reduced loads will be
required for the pipeline. Thus,

TR(P) = TCM (1V-90)
CL(P) = TR(P) ¢ MD(P) (IV-91)
TCP = TCY - (SCC(P) - CL(P)) o ( I __ 1 4. 1
SPR(P) | SCL(P) T MSU(P)

(Iv-92)

when SPR(P) is the cargo preparation rate, SCL(P) is the cargo
loading rate at the supply source, and MSU(P) is the cargo
unloading rate at the ISP.

The number of cargo carriers NC(P) requiried to

maintain the pipeline is then determined as follows:

NC(P) = ISP __ (1V-93)




If this number is not an integer value, then one additional cargo

carrier must be added to the pipeline. That is,
NC(P) = NC(P) + 1 (IV=-94)

The subroutine processing is now complete, and a return is made

to the main module at the subroutine calling point.

12. Subroutine NEXTEV (Fig. IV-12)
This subroutine is called upon at several points in the

main module when user supply rates change and the ISP cannot meet
the total demand. 1Its purpose is to establish the next event
time and types for each active user in the pipeline, The index I
denotes the user number, and it is initially set equal to one.

If the user being processed is no longer active (BIG(I)
= 0), then processing proceeds to the end of the subroutine,
where a check is made to see if there are any more users to be
processed. If the user is active (BIG(I) = 1), then a check is
made to see if the user's supply level is in its safety region,
which holds true if the user's next event is a User Withdrawal
Event (SE(I,P) = 4). If such is the case, then the revised time
TE(I,P) for this event to occur is determined by the following

equation:

BL(I,P) - BCL(I,P) (IV~-95)

TE(L,P) = CT + (T, P) = BS(1,P)

where BL(I,P) denotes the user's supply level, BCL(I,P) denotes
the user's critical supply 1level, BR(I,P) denotes the user's
demand rate, and BS(I,P) denotes the user's supply rate.
Otherwise, the user's next event will be the user's supply level

dropping below its safety level, so that the next event indicator

SE(I,P) is set equal to three. The time of occurrence for this
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event is determined as follows:

BL(I,P) - BSL(I,P)
BR(I,P) - BS(I,P) (IV-96)

TE(L,P) = CT +

This completes the processing for this user. If there
is another user, the user number index I is incremented above and
the subroutine processing for this user follows that described
above, If there are no more users to be processed, then the
subroutine processing is complete, and a return is made to the

main module at the subroutine calling point,

13. Subroutine ALLOC (Fig. IV-13)
This subroutine is called upon at several points

throughout the main module when the ISP cannot meet the total
demands, The purpose of this subroutine is to determine
weighting factors WB(I) that determine the amount of expected
shortfall to be allocated to each user. The allocation scheme
used is based on the premise that the shortfall allocated to a
user should be directly proportional to its demand rate BR(I,P),
but inversely proportional to its essential priority (BP(I,P).
Let SF(I) denote the Ith user's allocated shortfall, then this is
accomplished if

SF(I) = K » %‘%"‘% (IV-97)

for all I users, where K is an unknown constant. The weighting

factor WB(I) to determine for each user is such that

SF(I) = WB(I)e TSF
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where TSF is the total expected shortfall. Substituting this in
Eq. (IV-97) and letting K' = K/TSF results in the following set

of esquations:

WB(D) = k' o SECLE) (1V-99)

for T = 1, ... , NB, where NB is the number of users, Thus, we
have NB equations with (NB+1) unknowns {(the WB(I) and K'). But
we must have the following condition satisfied:

Z WB(I) =1 (IV-100)

Hence, we have (NB+1) equations with (NB+1) unknowns. The
solution to this set of equations, neglecting the unrequired
constant K', is given by the following set of equations, one for
each I=1, ..., NB:

I AQ)
WB(I) = ff}—-————~ (Iv-101)
NB

2 aQ)
I=1 J¥K

where A(J) = BP(J,P)/BR(J,P).

| The above representation assumes that all users are
active. In the actual processing, inactive users are not
considered so that the sums and products are taken over only the
active users. For inactive users, WB(I) is automatically equal

to zero.

This computation of the above WB(I) factors is made in
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this subroutine, and then a return is made to the main module at
the subroutine calling point.
14, Subroutine SHTFAL (Fig. IV-14)

This subroutine is called on at several points in the

main program when there are user shortfalls and the ISP has, or
can expect, a supply surplus before the arrival of the next cargo
carrier, That is, its supply level would be greater than its
critical supply level when the next cargo carrier is scheduled to
arrive, The purpose of this subroutine is to distribute this
supply surplus to the users, taking into account the critiecality ;
of each user's shortfall.

The subroutine first determines if there are any active
users whose supply levels are below their respective safety
levels, which holds true if a user's next event is a User
Withdrawal Event (SE(I,P) = 4)., If this is the case, then the
surplus is first distributed to these users to bring their supply
levels up to their safety levels (if possible). First, the
safety region shortfall SF(I) for each user, relative to the

pipeline being processed, is determined by the folliowing

. po—

equation: %

o BSL(I,P) - BL(IL,P) if SE(I,P) = 4
: SF(I)= (Iv-102)
0. 1f SE(I,P) # 4

The total safety region shortfall is then given by

NB .

SSF = Z SF(1) (IV=103)
=1

Next, it is determined whether the supply surplus, denoted by
SFM, 1is sufficient to eliminate all the safety region shortfalls
(SFM >8SF). If this does not hold, then the total surplus is

proportionately distributed to these users, and their new supply
109




. ﬁae THERE ANY USERS \ _
0 WITH SUPPLY LEVELS IN =

\ THE SAFETY REGION ?

J

DETERMINE SAFETY
REGION SHORTFALLS

Y

Yes CAN ALL SAFETY REGION No
SHORTFALLS BE MADE uP?

RETURN SUPPLY LEVELS
OF THOSE USERS TO
THEIR SAFETY LEVELS

v

INCREASE SAFETY
REGION SUPPLY LEVELS
BY PROPORTIONATELY

DISTRIBUTING
SUPPLY SURPLUS

< CAN ANY MORE  \ No
s

HORTFALLS BE MADE UP 7/
Yes

A
DETERMINE REMAINING
SHORTFALLS

A

__No CAN ALL SHORTFALLS Yes
BE MADE UP ?

| |

INCREASE
USER SUPPLY LEVELS
BY PROPORTIONATELY
DISTRIBUTING
SUPPLY SURPLUS

RETURN USER SUPPLY
LEVELS TO THEIR
MAXIMUM
SUPPLY LEVELS

FIGURE IV-14 LOGIC FLOWCHART (SUBROUTINE SHORTFALL)




levels are determined in accordance with the following equation:

SF(I)

SSF° SFM (IV=-104)

BL(I,P) = BL(I,P) +

In this case, the subroutine processing is completed, and a
return is made to the main module at the subroutine calling
point. If, on the other hand, (SFM > SSF), then all the safety

level shortfalls are made up. That is,
BL(I,P) = BSL(I,P) (IV-105)

for all users with SE(I,P) = 4, and any remaining surplus to be
distributed is determined as follows:

SFM = SFM-SSF (IV-106)

If this remaining surplus should equal zero, then the subroutine
processing is completed, and a return is made to the main module
at the subroutine calling point. Otherwise, the processing
continues as if there were initially no users with supply levels
in the safety reg.on but with the reduced amount of surplus as
determined by Eq. (IV-106) above.

When there are no active users with supply levels in
their respective safety regions, the first step is to determine

each active user's shortfall as follows:
SF(I) = BML(I,P)-BL(I,P) (IV=107)

The total shortfall SSF is then given by

NB
SSF = E SF(1)
=1 (IV-108)
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where the sum is, of course, taken over only the active users,

If the supply surplus is enough to eliminate all active user
shortfalls (SFM > SSF), then the active user's supply levels are

set equal to their maximum supply levels. That is,

BL(I,P) = BML(I,P) (IV=-109)

for each active user. Otherwise, the supply surplus is
distributed proportionately among the active users in accordance
with Eq. (IV=104). This completes the processing of this
subroutine, and a return is made to the main module at the
subroutine calling point.

C. Sample Problem

The sample problem presented in this section was designed to
illustrate the application of the SUPPLY DISTRIBUTION MODULE to
the evaluation of a possible supply pipeline operation. The
numerical values of the input data are, in general, realistic in
terms of present Navy operations., However, some leeway has been
taken to ullow specific module events to occur. The following
discussion considers the scenario description, the associated
input data presentation, and a description of the resulting

module output data. *

1. Scenario
The scenario assumed for the sample problem considers
two Navy task groups deployed in the Indian Ocean Basin. Task
Group One (User No. 1) could represent an attack carrier task

group, and Task Group Two (User No. 2) could represent an

* The running of this sample problem on a CDC CYBER Series

computer consumed 14.3 CPU seconds.
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amphibious task group, deployed at some distance from the carrier
task group. These two task groups are supplied by a sea-based
service group, which could consist of a stores ship (AF), an
oiler (A0), and an ammunition ship (AE).

The service group is replenished by MSC or commercial
ships sailing from alternative supply sources, The supply of
bulk POL 1is assumed to emanate from a relatively close source,
such as Diego Garcia, which is located approximately 800 nmi from
the service group., Ammunition, on the other hand, is assumed to
be supplied from a remote Navy base, such as Subic¢ Bay in the
Phillipines, 1located at a distance of some U000 nunmi, The
remainder of supplies are obtained from a port on the Persian
Gulf, such as Bahrain off the coast of Arabia, located at a
distance of approximately 1000 nmi.

At the onset, the task groups and the service group are
assumed to be stocked at their maximum supply capacity levels and
operating under normal peacetime conditions. On the 85th day of
deployment, tensions mount in the area, and the carrier task
group is forced to increase the tempo of its operations., At the
160th day, the situation has worsened to such an extent that
Marines are sent ashore from the amphibious task group, although
there is no immediate hostile action. However, 15 days 1later
(Day 175), the Marine forces become engaged in combat operations
ashore, After five days of combat, it is assumed that the Air
Force has established itself in the area, easing the burden on
the carrier task group. The carrier task group, in turn, resorts
back to operations commensurate with its peacetime operations.
After 290 days, combat operations cease, although the Marine
forces remain ashore, One month 1later (Day 320), the Marine
forces withdraw to their sea-~based quarters, but they remain in
the area until Day 400. At that time, the twc task groups and

the service group withdraw from the urea.

2. Problem Input
The input data for the SUPPLY DISTRIBUTION MODULE

representing this scenario are presented in Table IV-2 and IV-3,
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Table IV-2

SAMPLE PROBLEM INPUTS
(Initial Conditions)

Input Descriptor Pipeline 1 Pipeline 2 Pipeline 3

Scheduled Printout Inputs

Printout interval 30 days 30 days 30 days

Scheduled run duration 400 days 400 days 400 days
Supply Source Inputs

Pipeline name BULK POL AMMUNITION OTHER SUPPLIES

Cargo carrier capacity 160 kbbl 3400 ST 4500 ST

Cargo carrier speed 20 knots 20 knots 20 knots

Cargo carrier loading rate
Cargo preparation rate

450 kbbl/day
5000 kbbl/day

4000 ST/day
2000 S$T/day

4000 ST/day
2000 ST/day

Recycle down time 20 days 20 days 20 days
ISP Inputs
Storage capacity 100 kbbl 2500 ST 2000 ST
Cargo carrier unloading rate 380 kbbl/day 3000 ST/day | 2800 ST/day
Own supply demand rate 1 kbbl/day 0.1 ST/day 3 ST/day
Emergency stores level 40 kbbl 1500 ST 1500 ST
Critical stores level 15 kbbl 10 ST 100 ST
Transit distance between supply
source and ISP 800 nmi 4000 nmi 1000 nmi
Order time 2 days 2 days 2 days
Number of Users 2 2 2
User 1 inputs
Initial demand rate 3 kbbl/day 2 ST/day 25 ST/day
Initial essentiality priority
number 0.5 0.5 6.5
Maximum supply level 80 kbbl 100 ST 1500 ST
Safety supply level 50 kbbl 60 ST 750 ST
Critical supply level 30 kbbl 20 §T 250 ST
User 2 inputs
Initial demand rate 2.5 kbbl/day 3 ST/day 20 ST/day
Initial essentiality priority
number Q0.5 0.5 0.5
Maximum supply level 90 kbbl 150 ST 1200 ST
Safety supply level 40 kbbl 90 ST 600 ST
Critical supply level 25 kbbl 30 ST 200 ST
ST ~ Short Tous
kbbl -~ Thousands of Barrels
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Table 1IV-2 presents the input data defining the appropriate
supply characteristics of the problem components (geography,
supply source, cargo carriers, ISP, and users) and the initial
user demand rates and essential priorities. Table IV-3 presents
a schedule of the contingency events, indicating the effects on
the user demand rates and essential priorities. These inputs are

purely hypothetical in nature and in no way reflect present Navy

planning factors. Their use is intended only to illustrate the
use of the module 1in evaluating pipeline throughput

distributions, '

3. Problem Output
For the sample scenario, the most critical pipeline is

the one servicing Bulk POL, where both users are required to draw

from their safety region supplies shortly after the Marine Corps

forces become engaged in combat on Day 175. The other two

pipelines (Ammunition and Other Supplies) are stressed somewhat, )
but never to a degree that the user demands cannot be satisfied.
That is, the ISP does have to draw from its emergency supplies
for short time periods for each of these two pipelines. However,
this is never done to the extent that user demands cannot be ,
satisfied.

In the case of Bulk POL, the situation is more
eritical., Fig. IV-15 provides a graphical representation of the
ISP and user supply levels for Bulk POL during a 35-day period
encompassing Day 175. Figs. IV-16 and IV-1T present excerpts of
the Event Chronology and Event Sequenced Supply Level tables for
this pipeline during this period. Figs. IV-18 and IV-19
respectively, portray the complete Time Sequenced Supply Level
table and Supply Rate Variation table for Bulk POL. A complete
listing of the module output tables is presented in Fig. IV-20 at
the end of this chapter (following Section D.).

Initially, the Bulk POL pipeline has cargo carriers
arriving at the ISP every 9.23 days, transferring 60,000 barrels

of fuel on each arrival. This cycle continues until the 85th
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TARLE 1 PIFELINE = BULR POL

EVENT CHRONOLGGY
EVE LT
TYPE
TIME NUME S EVENT PESCRIPTION

150,87 1  CAnGU CAKRIER ARRIVAL AT ISP

153,66 1 oAKGU CARKIER ARRKIVAL AT 16P

156,45 1  CAFGO CAFRJER ARKRIVAL AT ISP

159,24 1  LAHRG(L CARKIER ARRIVAL AT ISP

160,00 S  QUATINAENCY EVENT == USER NUNBFR 2
161,51 2 1SF DLIFPING 14TO EmMekRGENCY SUPPLIES
102,93 1  UARGE CARKRIEN ARRIVAL AT 1SF

163,5% 2 ISP DIPPIMG INTO EMERGENCY SUPPLIES
164,45 1  CANGU CAWRRIEKR ARRIVAL AT ISP

16b,54% 1 CLARGO CARKIFR ARRIVAL AT ISP

1~8,61 1 CAKGL CARN]IFK ARRKRIVAL AT ISP

170,65 1  UARGD CARRIER ARgIVAL AT 1SF

172,75 1 CLARGU CARRTek ARRIVAL AT JSP

174,62 1 VARG CARKIEr ARRIVAL AT ISP

175,00 5 CANTINGENCY EVENT o= USER NUMBER 2
175,93 2 1Sy pLIPPING INTO EMFRGENCY SUPPLIES
176,%9 1 CAnGH) CARKIER AFFIVAL AT 15F

177,44 2 ASP DIPPING INTO EMERGENMCY SUPPLIES
178,5y 3 SiPPLY LEVEL DNOPS BeLUw SAFETY LEVEL =« USER NUMBER 2
178,71} 3 SUPPLY LFVEL OKOPS BELU# SAFETY LEVEL e= USELrR NUMBEK |
178,90 1 CARGU CARKIER ARFIVAL AT 18P

179,23 2 iSyr UIPPING INVNTO EFERGENCY SUPPLIFES
179,60 1 CARGD CARWIER ARRIVAL AT ISP

10400 5 CONTINGENCY EVENL == USER MNUMBER 1)
180,01/ 1 CARGD CARRIER ARKIVAL AT ISP

1kl.69 1 CARGG CAFRIER ARRIVAL AT ISP

152,71 1 CARG) CARKIER AWKIVAL AT ISP <L
153,73 1  CAKGO CARKIER ARRIVAL AT ISP ‘
15,0y 1 CANGU CARRIEK AKFIVAIL, AT 18P

186,45 1 LARGH CARRIER ARRIVAL AT ISP

187,82 1 CARGO CARFIER ARRIVAL AT ISP

Figure IV-16
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TABLE 2 PIPELINE = bBULK POL

EVENT SEQUENCED SUPPLY LEVELS

Ez;:: USEK NUMBER

TIvE NUHAuEKR 15¥ 1 2
156,45 1 100,00 a0 00 $0,00
159.?4 1 40,00 80,00 0,00
159.24 1 100 Ui 80,00 99,00
1@0.00 5 63.7¢ WO L,00 90,00
lb}osl 2 404,00 Bu,00 Y0,00L
1?2.03 1 24472 80400 90,0u
1b2.0? 1 K47 80,u0 90,00
123.53 2 49,0y By.00 90,00
:6:'28 : 15.6G9 79,32 RY,62
o 10U 0u 50,00 9u .0y
160,54 ) 4GeLv 80,00 99,00
166,54 1 1udsuv 80,00 90,00
166.6! 1 400V B0,00 90,00
lbU.bl 1 lu(I.‘JU 80.0') 90.““
170,68 i qu .0y B 0O 90,00
170,68 1 100.Cv 50,00 91,00
172,75 1 40400 80,00 90,00
172,75 1 10040u B0,00 90,00
174,82 1 dve 0V 80,00 90,00
174,82 1 10v.0u BO,00 40,00
175,00 S 94,78 850,00 90,00
175,93 P 4040y RO L0006 9¢,0(
. 176.§9 1 15.0v OH 60 69,73
? 176,89 1 75,00 bbb .60 9,73
: 177,46 2 40,00 65,60 69,73
}? 1;6.59 3 21429 51.R8 40,00
i :7q.;1 3 19,14 50,0t 36,67
¢ 17:.92 1 ;b.Ou 46,77 29,49
H 179.23 ; 956,70 Sieu7 43,12
For S O Rt
[ R ed d
179.66 ; 10040y 8O ,00 90, 0D
::g.gg z 73.76 80,00 90,vL
. 79¢70 80,00 90,00
:gg.z; : 50011 80,00 Su,00u
151.69 : 100.09 80,00 90,00
’81069 X 55.023 80.00 9V, 00
o 10U.Nv 8,00 Q0,00
:gg.;: t 5?.2: 80,00 90,00
. 106,00V 80,00 90,00
! 183,73 1 $55.29 6u.00 Y0.0u
1 100e.0vu B0,u0 90,0u

; 183,73

Figure 1IV-17
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TABLF 3 PIPELINE = nULK POL

TIME SEUUENCED SUPPLY LEVELS

USER NUMBER

PR

TIME 1s¥ 1 2
n,0u 100,00 80,00 90,00
30,00 £S.0u BO,00 90,00 '
60,00 70,0V 80,00 90,00
90,00 Heelé 80,00 90,00
126,00 43,74 80,00 90,00
150,00 Shel2 80400 60,00
180,00 7970 K0 0C 90,00
210,00 83,91 0,00 90,00
240,00 83,91 80,00V 90,00
270,00 h3.91 80,00 90,00
300,00 59,43 80,00 90,0u
330,00 53,31 80,00 9n, 04
360,00 So0e31 60,00 Q0,00
390,00 63431 Bu 400 90,09
400,00 76431 80,00 90,00 :

Figure IV-18
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TABLE 4 PIPELINE = BULKR POL
SUPPLY RATE VARIATIUNS

EVFNT USER NUMRER
TYVE

TIME NIMBER 1sp 1 2

0,00 o 845V 3,00 2,50

85,00 5 2145V 15,60 2,50

87421 2 11,03 9,44 0,60

89048 1 21.50 15.00 2.50 .
160,00 5 29,00 18,00 10,00 1
163,58 2 27.6¢ 17,24 9,56 ;
164,48 1 29,00 1R, 00 10,00 1
175,00 5 59,00 15,00 40,00
175,93 2 26403 6o13 16,90
176.89% 1 59,00 18,00 40,00
177.48 2 16,94 2,86 13,08
178,71 3 16494 4,95 10,99
176,96 1 59,00 18,00 40,00
180,00 5 44,00 3,00 46,00
290.00 L) 14,0V 3.00 10.00
320.00 5 0e5U J.U0 2.50
490,00 7 be5V 3,00 2,50

Figure IV-19




day, when the carrier task group (User Number 1) increases its
demand from 3,000 barrels per day to 18,000 barrels per day. A
new sStatic pipeline operation is then set up, which will have
cargo carriers arriving every 2.79 days with 60,000 barrels of
fuel. An interim cargo carrier with a full load of fuel 1is
dispatched immediately and will arrive midway through the 89th
day. On the 87th day, the ISP begins drawing from its emergency
supplies, and the user's supply rates are reduced below their
demands. Thus, the users have to draw from their reserves to
satisfy their full demands. On arrival of the interim cargo
carrier on the 89th day, the ISP supply level has just dropped to
its critical levl. The replenishment brings the ISP's supply
level up to its maximum storage capacity and also returns the
user 3supply levels to their maximum levels. At this time, the
new static pipeline operation begins, and users' demands are once
again satisfied by the ISP.

This operation proceeds smoothly until Day 160, when
the amphibious task group (User Number 2) increases its demand
from 2,500 barrels per day to 10,000 barrels per day. A new
static pipeline operation is set up with cargo carrier arrivals
scheduled 2.06 days apart. One already-enroute carrier will
arrive in two days and an interim cargo carrier is dispatched to
arrive two days later. On Day 161, the ISP is forced to draw from
its emergency supplies but is able to satisfy the user demands,
because the enroute cargo carrier will arrive the next day. When
this carrier arrives, the ISP's supply level is increased to a
point above its emergency supply level but not up to its maximum
storage capacity (because the arriving cargo carrier was loaded
in accordance with thevprevious pipeline operation). On the next
day, the ISP again begins to draw from its emergency supplies
and, at this time it is unable to satisfy user demands. Thus,
the users are again forced to draw from their reserve to maintain
their own demand. On the subsequent day, the interim cargo

carrier arrives, and all supply levels are returned to their

maximums, The static pipeline operation is then implemen*ed.
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On Day 175, when combat operations commence, the
amphibious task group's demand increases to 40,000 barrels of
fuel per day and another pipeline operation is established, which
Wwill eventually have cargo carriers arriving at 1,02 day
intervals., However, in the iaterim period of about four and a
half days, the pipeline becomes severely stressed, Near the end
of the 175th day, the ISP begins drawing on its emergency
supplies and must reduce its supply rate so that the users are
forced to draw from their reserves. This is alleviated late the
next day, when a previously enroute cargo carrier arrives. The
ISP supply level rises above its emergency level, but not to its
storage capacity. User demands can be met, but no surplus is
available to reduce user shortfalls.

At the middle of the next day (Day 177), the ISP once
again begins drawing from emergency supplies, and user demands
cannot be satisfied. On the next day, both users' supply levels
drop below their safety levels. Later that day, when the carrier
task group's supply level is about 16,000 barrels above its
eritical supply level, and the amphibious task group's supply
level is only about U4,500 barrels above the critical level,
another previously enroute cargo carrier arrives, This allows
the ISP's supply level to rise above the emergency supply level.
Because an interim cargo carrier with a full cargo 1load is
scheduled to arrive the next day, the ISP is able to make up some
of the user shortfalls and still satisfy their demands, even when
its supply level drops below its emergency supply level early on
the next day (Day 179). The arrival of the interim cargo carrier
later that day allows all supply levels to be returned to their
maximums., From this point on, the pipeline operation runs
smoothly.

The remaining contingency events represent decreases in
user demands. These only cause a revision in the cargo carrier
scheduling, with user demands always being satisfied. On the
400th day, the task groups and the service group withdraw, and

the pipeline operations are cancelled.
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D. Module Limitations
The SUPPLY DISTRIBUTION MODULE described in this chapter

represents an initial construct of an analytical tool designed to

provide a basis for evaluating the distribution of supplies to
operating forces engaged in a theater war scenario within the
context of BALFRAM, Although the module was designed as an
adjunct to BALFRAM, it can stand alone as a useful tool in other
supply distribution analyses. The module design was constrained
by the level-of-effort limitations of the present research
contract. Thus, a number of desirable features that would
enhance the module's usefulness were not 1included. In this
chapter, the more significant of these features are identified.

These could be included in a future expansion of the module,

1. Multiple ISPs Per Pipeline

The present module represents pipelines designed to
service a single ISP. In reality, it 1is more 1likely that
pipelines would be set up to service more than one ISP,
especially in situations where ISP and user supply capacity
limitations result in cargo carrier shipments with cargo loads
much less than each carrier's capacity. Thus, one area for
module expansion is to allow pipelines to service more than one
ISP.

2. ISP and User Mobility
In the present module, it is assumed that the ISP and

its associated users remain at fixed stations or locations., For
naval operations especially, the users (task groups) are highly
likely to move to an alternative station during a given at-sea
deployment. This implies, in many cases, that the ISP (service
group) providing support to the users would also move to
alternate stations to maintain proximity with its user units.

These movements could be considered as another category of

contingency events within the structure of the module. Expansion
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of the module to include this feature would enhance its

usefulness as a supply distribution system evaluation tool.

3. ISP-to-User Pipelines

The present module assumes that there is a continuous
flow of supplies from the ISP to its associated users, with no
capacity limitations on this portion of the pipeline. Actually,
the ISP-to-User pipelines are constrained in several ways. There
will be limitations on the number and capacities of intermediary
cargo carriers (ISP-to-User) such as a truck convoys or
amphibious supply ships servicing land-based Marine forces from a
Mobile Logistic Support Group. For sea-based users and service
groups, a user may leave its station and rendevous with the ships
of the service group, or vice versa. In the former case, the
user will be required to be off-station some of the time, and
this will degrade the user's on-station readiness. 1In the latter
case, an ISP supply ship will be tied up servicing one user and
unavailable, at the time, to service another user, These
limitations could have a significant effect on the effectiveness
of the pipeline operations, Thus,_it would be fruitful to expand
the module to accommodate these restrictions,

y, Emergency Pipelines

The present module does not provide for the use of
emergency pipelines that may be required when the normal pipeline
is in a period of stress. Emergency pipelines could emanate from
alternative supply sources and/or, they could utilize faster
modes of transportation, such as aircraft or fast supply ships,
to speed up the flow of supplies to the ISP. Inclusion of this
feature in the module would increase its credibility and enhance
its usefulness,

5. Cargo Carrier Limitation

In the present module, it is assumed that there are

always enough cargo carriers available to the supply source to
125
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meet the requirements of a pipeline operation, In many cases,
this may not be true., Thus, a pipeline operation would have to
be modified to accommodate the cargo carrier limitations. Quite
possibly, more than one pipeline for a given class of supplies
would be needed to support an ISP. Inclusion of cargo carrier
limitations in the module would provide a more useful and

realistic tool for analyzing supply distribution effectiveness.

6. BALFRAM Integration

The module, as presently designed, is a separate
adjunct to BALFRAM. The main drawback is that the module is not
reactive, in realtime, to user demands that would vary in a
BALFRAM scenario. Joint usage of BALFRAM and the module would
first require a BALFRAM run to establish the requirements imposed
on the pipelines providing supplies to the theater area. Then a
set of module runs would be required to iterate on a solution
defining the pipeline characteristics necessary to meet these
requirements, A worthwhile module modification would be to
provide for concurrent integrated operation with BALFRAM, where
the necessary pipeline adjustments can be established as BALFRAM

supply requirements change.
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APPENDIX

SUPPLY DISTRIBUTION MODULE COMPUTER PROGRAM

A. Input Formats . . . .

B. Program Nomenclature . . . . « « o . &
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A. Input Formats
All inputs to the SUPPLY DISTRIBUTION MODULE Computer

Program are read from a series of input data cards, or
equivalently, from an input data file containiqg 80 character
data records (each input record corresponding to an input data
card), Table A-1 presents a summary description of each input
data card including the card formats, input variables, variable
descriptions, and variable measurement units. Some of the card
numbers apply to a set of input cards. For example, Cards 6.P.I
refer to a set of NB data cards for Pipline P's set of data

cards, where NB is the number of users,
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B. Program Nomenclature

1. Program PIPLIN

BCL(I,P) Critical supply level for User I for Pipeline P.
BIG(I) Indicator denoting whether or not User I is
active (BIG(I)=0,No; BIG(I)=l,Yes).
BIP(I,P) Present normal essential priority for User I !

for Pipeline P.

BIR(I,P) Initial demand rate for User I for Pipeline P.

BL(1I,P) Present supply level for User I for Pipeline P.
| BML(I,P) Maximum supply level fer User I for Pipeline P.

BP(1,P) Present essential priority for User I for

Pipeline P.
BPOLD Previous essential priority for user and pipeline

being processed.

BR(I,P) Present demand rate for User I for Pipeline P.

BS(I,P) Present supply rate for User I for Pipeline P. l
BSL(I,P) Safety supply level for User I for Pipeline P.

BSOLD Previous supply rate for user and pipeline

being processed.
CAR Amount of expected shortfall to be made up at

time of contingency event being processed.

CL(P) Cargo carrier load for Pipeline P.

CLI Cargo carrier load for next scheduled cargo
carrier for pipeline being processed.

CLOLD Previous value of cargo carrier load for pipe-
line being processed.

CLP Cargo .arrier load for next scheduled non-enroute
cargo carrier for pipeline being processed.

CT Current time.

CUD(NCO,P) User demand rate for Pipeline P after occurrence

of contingency event NCO.

CUN(NCO) User number associated with contingency event NCO.
A-4




Program PIPLIN, continued

CUP(NCO, P)

DC(J,P)

DELT

e o ey v

DT(J,P)

ESP(P)

ET

IC
1J

IP

IP1

IP2

IP3

IP4

IT1

ITDUR

User essentiality prioritv number for Pipeline
P after occurrence of contingencv event XNCO.

Cargo carrier load for cargo carrier J in

Pipeline P.
Difference in time of arrival between next

. :
scheduled non-enroute cargo carrier and last f i
scheduled enroute cargo carrier for pipeline ' )

being processed.

Cargo carrier arrival time for cargo carrier

J in Pipeline P.

Indicator denoting whether or not ISP is ‘

drawing from emergency supplies for Pipeline P. I
|

Event type number for event currently being

processed.

Index number for user (also used as a dummy
index).

Contingency pipeline counter.

Indicator denoting whether or not there is
another contingency event involving an active
user (1J=0,No; IJ=1,Yes).

Dummy index number for pipelines.

File number of Event Chronology Table for
pipeline being processed.

File number of Event Sequenced Supplyv Level
Table for pipeline being processed.

File number of Time Sequenced Supply Level
Table for pipeline being processed.

File number of Supply Rate Variation Table for
pipeline being processed. ¢
Number of new interim cargo carriers to be
scheduled immediately for pipeline and contingency

event being processed.

Integer-valued scheduled run duration.
A-5




Program PIPLIN, continued

ITEM

ITERM(P)

ITP
w

JE

JJ

JP
JT

KP
MCS(P)
MD(P)
MDOLD
MDP (P)
MDR(P)
MES (P)

MK (K)

MOT(P)

Number of new interim cargo carriers to be
scheduled for pipeline and contingency cvent
being processed.

Indicator denoting whether or not Pipeline P

has stabilized (ITERM(P)=0,No; ITERM(P)=1,Yes).
Integer-valued printout interval.

Indicator denoting whether or not event being
processed is a User Withdrawal Event (IW=0,No;
IW=1,Yes).

Index number for scheduled cargo carrier (also
used as a dummy index).

User number Or special event number (NB1l, NB2,
or NB3).

Dummy index used to denote contingency event
number.

Pipeline number generating event to be processed.
User number generating contingency event that is
to be processed. X
Dummy index used to denote contingencty event
number.

Dummy index number for pipelines.

ISP critical stores level for Pipeline P.
Present total demand fate on the ISP for
Pipeline P.

Previous total demand rate on ISP for pipeline
being processed.

Present total user demand rate on the ISP for
Pipeline P.

ISP own supply demand rate for Pipeline P.
ISP emergency stores level for Pipeline P.
Dummy array used to transfer output from in-
ternal files to program output file.

ISP order time for Pipeline P.
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Program PIPLIN, continued

MSC(P) ISP storage capacity for Pipeline P. |
MSD(P) Transit distance between supply source and

ISP for Pipeline P.

BPR Y

MSU(P) Cargo carrier unloading rate at ISP for Pipe-
line P. |
N Dummv index used to denote contingency event
number. j
4
| NB Number of users. ;
b NBl Special event number for ISP related event : ]
| (NB1=NB+1). i
NB2 Special event number for contingency event f
(NB2=NB+2) . ]
NB3 Special event number for scheduled run control i

operation (NB3=NB+3). !

NC(P) Number of cargo carriers required to maintain i

static pipeline operation for Pipeline P.

NC1 Number of cargo carriers scheduled for static

pipeline operation for pipeline being processed.

NCO Index number for contingency event. ’
NCO1 Dummy index used to denote contingency event
number.
NIC(P) Number of interim cargo carriers in Pipeline P.
NIC1 Index number denoting first scheduled cargo

carrier for static pipeline operation for pipe-
line being processed.

NOC Number of contingency events.

NOC1 Index number denoting one more than the number

of contingency events. ]

NTC(P) Total number of scheduled cargo carriers in
Pipeline P.

P Index number for pipelines.

PN(P) Pipeline name for Pipeline P.
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Program PIPLIN, continued

REM Dummy variable used to denote the dirfference
between the real value and the integer value of

a variable. i

SCC(P) Cargo carrier capacity for Pipeline P.

SCL(P) Cargo carrier loading rate for Pipeline P.

SCS(P) Cargo carrier speed for Pipeline P. .
SDT(P) Cargo carrier recycle downtime for Pipeline P. J
SE(I,P) Next event type for User I (I=1,...,NB) or

Special Event I (I=NBl, NB2, or NB3) for pipe-
line P.

SFM Total amount of supply surplus that can be

distributed for pipeline being processed.

SFM1 Amount of supply surplus that can be distributed
immediately for pipeline being processed.

SFM2 Additional amount of supply surplus that can be
distributed before arrival of next scheduled

cargo carrier for pipeline being processed.

SL(P) Present ISP supply level for Pipeline P.
SLT ISP supply level, including any surplus, that
may be available for pipeline being processed.
SOF Projected supply overfall for pipeline being
processed.
SPR(P) Cargo preparation rate for Pipeline P.
SR{P) Present ISP supply rate for Pipeline P. i
SROLD Previous ISP supply rate for pipeline being
processed.
SRP(P) Present user supply rate for Pipeline P.
SRT Maximum allowable ISP supply rate for pipeline 1

being processed.
T Dummy variable used in determining time of next

event to be processed.

TC(NCO) Time of occurrence of Contingencv Event NCO.
TCM Maxumum allowable time-between-arrivals for ﬁ
cargo carriers at ISP for pipeline being processed.
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Program PIPLIN, continued

TCP Cargo carrier's cycle time for pipeline being
processed.

TCY (P) Cargo carrier's maximum cvcle time for Pipeline
P.

TDUR Real-valued scheduled run duration.

TE(I,P) Next event time for User 1 (I=1,...,NB) or

Special Event I (I=NBl, NB2, or NB3) for
Pipeline P.

TEM Dummy variable used for several diverse compu-
tations.
TEM1 Dummy variable used to determine time of occur-

rence of next contingency event invelving an active

user.

TFA Time of arrival of first possible newly scheduled
cargo carrier for pipeline being processed.
TL Time of arrival of last enroute cargo carrier
for pipeline being processed.
TLA Time of arrival of last interim cargo carrier
for pipeline being processed.
TLAR(P) Time of arrival of previous arriving cargo
carrier for Pipeline P.
TLE(P) Time of last processed event for Pipeline P. .
TN Time of arrival of next departing cargo i
carrier for pipeline being processed.
TP Real-valued printout interval.
TPA Possible time of arrival of next non-enroute
cargo carrier for pipeline being processed.
TR(P) Number of éupply days provided by a cargo
carrier to an ISP in Pipeline P.
TSA Time of arrival of next scheduled non-enroute
cargo carrier for pipeline being processed.
WB(I) Supply allocation weighting factor for User I

for pipeline being processed.
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Subroutine REVISE

CL(P)
MD(P)
MES(P)
MSC(P)
MSU(P)
NC(P)

REM

SCC(P)

SCL(P)

SPR(P)

TCM

TCP

TCY(P)

TEM
TR(P)

Cargo carrier load for Pipeline P.

Demand rate on ISP for Pipeline P.

Emergency supply level for ISP for Pipeline P.
Storage capacity for ISP for Pipeline P.

Cargo unloading rate for ISP for Pipeline P.
Number of cargo carriers required to maintain
Pipeline P.

Index number for pipeline being processed.

Dummy variable used in determining NC(P).

Cargo carrier capacity for Pipeline P.

Cargo loading rate at supply source for Pipeline
P.

Cargo preparation rate at supply source for Pipe-
line P.

Maximum allowable time-between-arrivals for cargo
carriers at ISP for pipeline being processed.
Cargo carrier's cycle time for pipeline being
processed.

Cargo carrier's maximum cycle time for Pipeline
P.

Dummy variable used in determining TR(P) and NC(P).
Number of supply days provided by a cargo carrier

to an ISP in Pipeline P.

Subroutine NEXTEV

BCL(I,P)
BIG(I)

BL(I,P)
BR(I,P)
BS(I,P)
BSL(I,P)
CT

1

Critical supply level for User I for Pipeline P.

Indicator denoting whether or not User I is /
active (BIG(I)=0,No; BIG(I)=1,Yes).

Present supply level for User I for Pipeline P.

Present demand rate for User I for Pipeline P.

Present supply rate for User 1 for Pipeline P.

Safety supply level for User I for Pipeline P.

Current time.

Index number for user.
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Subroutine NEXTEV,

.
1

continued

Number of users.

Index number for pipeline being processed.

Next event type number for User I for Pipeline P.
Time of occurrence of next event for User I for

Pipeline P.

Subroutine ALLOC

B(I)

BIG(I)

BP(I,F)

BR(I,P)
I

NB

P

PRO
SUM
WB(I)

Ratio of present essential priority to present
demand rate for User 1.

Indicator denoting whether or not User I is
active (BIG(I)=0,No; BIG(I)=1,Yes).

Present essential priority for User I for Pipe-
line P.

Present demand rate for User I for Pipeline P.
Index number for user.

Number of users.

Index number for pipeline being processed.
Product of all B(I)'s.

Sum of weighting factors (unnormalized).
Supply allocation weighting factor for User I

for pipeline being processed.

Subroutine SHTFAL

BIG(T)
BIP(I1,P)
BL(I,P)
BML(I,P)

BP(I,P)

BSL(I,P)
1

Indicator denoting whether or not User I is
active (BIG(I)=0,No; BIG(I)=I,Yes). ‘
Present normal essential priority for User 1

for Pipeline P.

Present supply level for User I for Pipeline P.

Maximum supply level for User I for Pipeline P.

Present essential priority for User I for Pipe-

line P.

Safety supply level for User 1 for Pipeline P.

Index number for user.
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NB

P
SE(I,P)
SF(I)

SFM
SL(P)
SSF

Subroutine SHTFAL, continued

Number of users.

Index number for pipeline being processed.

Next event type number for User T for Pipeline P.

Dummy variable used to denote shortfall for User
I for pipeline being processed.

Supply surplus for pipeline being processed.

ISP supply level for pipeline P.

Shortfall existing for users for Pipeline P.




Program Listing

T R e el o
QOUBNPRA R WNOOVERIOREWN~-

WRNMNMMNNNNNNON
QUOWMAPRUS W

(VR WERR
PRS-

S sddbddbwww
~APRSOWNSOOEM

RBS D
L -K X

[T X'
- w

X" XY R X'
L R XN 3

[ X X"
-0

PROGRAM PIPLIN
COMMON /BLOCK1/ TCM,MSC(3),MES(3),MD(3),SCC(3),TR(3),
1 CL(3),TCY(3), TCP,SPR(3),SCL(}),
2 MSU(3),NC()
REAL  MD,MSC,MSU,MES
COMMON /BLOCK2/ NB,BI1G(30),SE(13,3),TE(13,)),BL(10,3),B8L(10,3),
1 anu(:o.3).suntxo 3),BR(10,3),BIR(10,3),B5(10,3),8P(10,3),
2 BIP(10,3), na(xoy,su(s) SrM,CT
INTEGER s:.axc
DIMENSION 0C(1U0,3),DT(100,3),TC(99),CUD(99,3),CUP(99,3),
1 SCS(4),SDT(3),SR(3),SRP(3),NIC(I),NTCLI),TLE(]),
2 ITERMC3), TLARCY)
REAL MDR(3), NDP(J) HCS(J),ISD(J).HOT(JJ »DOLD
INTEGER cu~<99) ssvcs).ar
CHARACTER®} n&¢§32)
CHARACTERS3IO PN{J)
1000 FORMAT(216)
1001 FORMAT(FI,1,F5,1,F9,1,F9,1,F5,1)
1002 FORMAT(F9,1,FY, 1,r7 2,79,1,F9.1,F9,2,F5,1)
1003 PORMAT(F7,2,F5,3,F9, 1.r9 1,F9,1)
1004 FORMAT(I2,F7,1, sr7 2,3rs, 3)
100% FORMAT(132A1)
1006 FORMAT(I2)
1007 FORMAT(A3O0)
2000 FORMAT(TS,F9,2,722,11(F0,2,1X))
2001 FORMAT(T2,F9,2,716,11,T722,31(F8,2,1X))
2011 FORMAT(TS,F9,2,%20, 1na TJI,?OHCARGD CARRIER ARRIVAL AT ISP)
2012 FORMAT(TS,F9,2,72¢, 1Hz,731 28HISP DIPPING INTO EMERGENCY S,
1 7HUPPLIES)
2013 FORMAT(TS,F9,2,020,1H3,T31,53HS8UPPLY LEVEL DROPS BELOw SAFELTY LEVE
1L == USER NUMBER ,I2)
2014 FORMAT(TS,F9,2,720,1H4,731,50HSUPPLY LEVEL REACHES CRITICAL LEVEL
fee USER NUMBER ,12/T35,41HUSER WITHDRAWS == INSTIGATING PIPELINE «
2 ,A30)
2015 FORMAT(TS,F9,2,T20,1HS,T31,26HCONTINGENCY EVENT o= USER ,
1 THNUNMBER ,I12)
2016 FORWAT(T9,F9,2,T20,1H6,T31,2IHROUTINE PRINT=QUT EVENT)
2017 FORMAT(IS,F9,2,020,1H7,T31,27HRUN TERMINATED BEFORE LAST ,
1 31HCONTINGENCY HAS BEEN STABILIZED)
2019 FORMAT(YS,F9,2,720,1H7,T31,26HRUN TERMINATED=eALL USERS ,
1 JAHHAVE WITHDRAWN)
2019 FORMAT(TS,F9,2,%20,1H7,734,27HRUN TERMINATED==ISP CANNOT ,
1 20HMAINTAIN szyr-surpur.sx.1xurxptbxnt = ,A30)
2020 FORMAT(TS,F9,2,520,1H7,735,21HRUN TERMINATED==LAST ,
f 31HCONTINGENCY HAS BEEN STABILIZED)
2021 FORMAT(TS,F9,2,120,1H47,731,31HRUN TERMINATED==5L(P) ,NE,MES(P),
1 X, 1 LHPIPELINE = 1A30)
2022 FORMAT(TS,F9,2,%20,1H7,731,27HRUN TERMINATED=eBL(I,P),NE,,
1 11HBSL(I,P), l-.xz.ax llHPIPEbIN! - ,A30)
2023 ronnnr(rs.rs.z,;zo,1«1.131.21nnuu TERMINATED==BL(I,P) NE,,
1 11HBCL(I,P),1m,12,3X,11HPIPELINE = ,A30)
2024 FORMAT(TS,F9,2,T20,1H7,T31,25HUSER WITHORAWS AND THERE ,
1 JIHARE NO INTEKIMN CARRIERS ENROUTE,3X,11HPIPELINE = ,A30)
2025 FORMAT(TI1,324RUN TERMINATEDe«INPUT READ ERROR)
3001 ronnnr(tuzll///ris THTABLE 1,3X,1tHPIPELINE « ,A30//7%),16HEVENT C
AHRONOLOGY/T18,SHEVENT/T19,4HNTYPE/TS,AHTINE,T10,6HNUMBER, TS0,
2 17HEVENT DESCRIPTION//)
3002 FORMAT(IHS/////T45,THTABLE 2,3X,3AHPIPELINE = ,A30//T47,16HEVENT 8
1EQUENCED ,1JHSUPRLY LEVELS/T14, susv:ut/txs 4HTYPE,TS6,
2 11HUSER NUMBER/TS,4HTINE, T4, 6ununa:a T25,3HISP,T3%,1H1,
3 rqo.xnz.rs;.tng,rsz.1uc.111.1us.tso,1ne.709,1n7.r9n.xua,
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62
63
64
69
66
67
68
69
70
71
73
73
74
78

17
78
79
80
91

)
84
(1]
"0
87
(1]
89
90
91
92

94

93

96

97

98

99
100
101
102
103
104
108
106
107
100
109
110
111
112
113
114
115
116
117
119
119
120
121
122

Nnann

10 MD(P)sND(P)*BIR(Z,P)

4 T107,1H9,T119,4H10/7/)

3003 FORMAT(IH1/////T45,7HTABLE 3,3X,11HPIPELINE =« ,A30//T49,15HTINE SE

1QUENCED ,13HSUPPLY LEVELS//TS56,11HUSER NUMBER/TS,4HTIME,T25,3HISP,
2 T39,1M1,T44,1H2,T53,1H3,T62,1H4,TT1,1HS, TOO,IH6,709 147,
3 T99,1H8,T107, 1"9;?115 2H10/7)

3004 fORHAT(lHl//l//l‘S,?HTle! 4)3X,1 1HPIPELINE = ,AJ0//750,81HSUPPLY

IRATE,11H VARIATIONS/T14,5HEVENT/T1S,4HTYPE,TS6,
2 11HUSER NUMBER/TS, 4nrxul,r14 6HNUMBER,T25,3HISP,T35,1H3,
3 T44,1H2,T53,1H3 rsz.xn4.171 1HS,T80, xuo T99,1H7,T798,1H8,
4 T107,109, r:ts 3uzo//)

opcncuuxras,rxntn'rprxn DAT®,READONLY,S8TATUS®0LD?)
op:u(uuxr-1.rxni-'rprxu.b:s'.stArus-'N:w')
OPEN(UNIT=9,STATUS="NEW’,DISPs’DELETE")
OPEN(UNIT=9,STATUSE’NEW’,DISP=’DELETE’)
OPEN(UNIT®{0,STATUSE’NEW’ ,DISPN’DELETE?)
OPEN(UNIT=1),STATUSR’NEW®,DISPR’DELETE")
OPEN(UNIT®12,5TATUSRNEW® ,DISPS’DELETE?)
OPEN(UNIT®13,STATUSE’NEW® ,DISPR DELETE?)
OPEN(UNITS14,5TATUSS"NEW® ,DISPE’DELETE")

OPEN(UNIT=1S, STATUBI’NtH‘,DISPI’DELETE')
OPEN(UNITu16,STATUSR"NEW” ,DISPS’DELETE")
OPEN(UNIT®17,STATUSE”NEW’ ,DISPR’DELETE?)
OPEN(UNIT®{8,STATUSE’NEW® ,DISPR’DELETE’)

READ(S, 1000.2RR'900.SNDI900) ITP,ITOUR

TP-I.'!TP

TOURs1, I TOVR

READ(5,1006)NB

DD 3 Pei,d

READ(S,1007)PN(CP)

IPluleqsp

IP2u4+45P

IP3nS+4spP

IP4m6+ 48P

WRITE(IP1,3001)PN(P)

wWRITE(IP2,3002)PN(P)

WRITE(IP3,3003)PN(P)

wnxrt(xpo.sooo)vn(p;

READ(S,1004 ,ERR®900,END=900) 8CC(P),S5CE(P),5CL(P),5PR(P)
1 »8DT(P)

READ(S,1002,ERRS9U0,ENDE900) MBC(P),M8U(P),NDR(P),MES(P),
1 MCS(P),N3D(P),MAT(P)

00 t I=i,NB

READ(S,1003,ERK®Y00,ENDRI00)BIR(I,P),BIP(LI,P),BNL(L,P),B 8L (I,P),
1 BCL(I,P)

1 CONTINUE
3 CONTINVUE

READ(S,1006)NUC

00 2 1wi,NQC

READ(S,1004,END®900,ERR=900)CUNCT),TC(I), (CUD(X,P),Po1,3),
1 (CUP(!,P) Pa1,d)

2 CONTINUE

NQC13NOCe)
TC(NOCL)wiLY

°
ESTABLISH STATIC PIPELINE FLOW PARAMETERS AND CARRIER DELIVERY
TIMES,

PO 16 Pei,)
MO(P)aMDR(P)
DO 10 Isi,NB




123
11¢
128
126
127
128
129
130
13t
132
133
134
138
136
137
138
139
140
144
142
143
144
148
146
147
148
149
150
151
152
183
154
183
136
157
158
159
160
161
1632
163
164
163
166
147
168
169
170
1N
172
L7
174
173
176
177
17¢
179
180
16t
182
183

ann

NnnNnaoon

13
16

20

%
s0

81

1

MOP(P)aND(P)*MDR(P)

TCYCPIRCL L /SPH(PI#1,/5CLIP)+1,/REUCP)I¥SCCIP) +
2948D(P)/(24,55C5(P)) + SDT(P)

CALL REVISE(P)

SR(P)SMD(P)

SRP(P)BMDP(P)

SL(P)aMSC(P)

ESP(P)s0

NTC(P)WNCIP)+3

NIC(P)u0

00 1S J=1,NTC(P)

DTCS,P)aJITH(P)

DCCJ,P)aCL(P)

CONTINUE

L MaRl wedme

INITIALIZE RUNNLNG PARAMETERS

I1C=0

JP=y

NBlaNBe}

NB2ENB+2

NB3=NB+)

NCOsi

Twao

DO 2% Ps},3
1P284+43P
1P3nSsasp
IP4S644sP
TLE(P)=0,

DQ 20 Imi,NB
BR(I,P)SBIR(I,P)
BP(I,P)sBIP(1,P)
BRLCT,P)wBNL{T,P)
BS(I,P)=BIR(I,P)
TE(1,P)S1EY
SE(1,P)a0
BIG(1)wY

CT=o,

ETR0
TE(NBL,P)SDT(},P)
SE(NB1,P)n}
TE(NB2,P)8TC(})
SE(NB2,P) 5
TE(NS3,P)ul?
SE(NB3,P)eé
WRITE(IP2,2001)CT,ET,8L(P),(BL(X,P),IB2,NB)
WRITE(1P3,2000)CT,SL(P), (BL(T,P),1nt,N0)
WRITE(194,2001)CT,ET,SR(P),(BS(I,P),In1,K8)
CONTINUE
TLE(JP)=CY?

DETERMINE NEXT EVENT TINE, PARTICIPANT, AND TYPE TO BE
PROCESSED,

Te1£10

JEnO

Do %% '.lal

DO %% Imi,NB2
IP(T,LE,TECL,P)) GO 10 11
TaTE(1,P)
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184
188
186
187
198
189
190
194
192
193
194
198
196
197
198
199
200
201
202
203
204
208
206
207
209
209
210
311
212
213
214
218
216
217
218
219
220
221
222
223
224
22%
226
327
228
229
230
F 2}
3
233
234
238
236
Fx )
238
239
240
241
242
243
244

anNna

nan

S7
39

100

101

102

104

103

JEm]

JPup

CONTINUE

IFC(JEL,EQ,0)GO TV 9000
IF(SE(JE,JP)NE«5)GD T0 59
JTRCUN(NCO)
IF(BIG(JT),EQ,2)GL TO 39
NCOsNCOe1

DO S7 Pwi,d
TE(NBZ,P)uTC(NCUY)
CONTINUE

GO 10 St

CTaT

ETeSE(JE,JP)

Pup

IP1a3eqep

IP2m4s4rp

IP3InS+satp

1P4nbe4%P

COMPUTE PRESENT SUPPLY LEVELS

DO 60 Isi,NB
BLCT,P)RBL(I,P)"(BR(I,P)~BS(X,P))*(CT>TLECP))
CONTINUE

SL(P)=SLI{P)=SR(V)S(CT=TLE(P))

IF(ET,E3,5)G0 TU 500
WRITE(IP2,2001)CT,ET,8L(P),(BLCI,P),In1,NB)
GO 70 (100,200,300,400,500,600,700)ET

PROCESS THE ARRIVAL OF A CARGO CARRIER

SL(P)mSL(P)+DC(L,P)

TLAR(P)sCT

SROLOSSR(P)

ITERM(P)=0

WRITECIP1,2011)CT
IF(NIC(P),NE,0)GO TO 108
ITERM(P)n}

1F(NCO,GT,NOC)GO TO 104

DO 102 I=2,%TC(P)
DT(Ie1,P)sDI(I,¥)
DC(I=1,P)n0C(I,#)

CONTINUE
DT(NTC(P),P)SDT(NTC(P)=1,P)+TR(P)
DC(NTC(P),P)nDC{NTC(P)=y,P)
ESP(P)®0

TE(NBS,P)=DT(1,P)
WRITE(1P2,2003)CT,ET,SL(P), (BL(I,P),188,NB)
GO TO %0

00 103 IPsi,)

IrcIP,L2,P)G0 TU 10)

IFCITERM(IP) ,NE+1)GO TO 103
CONTINUE

LTw7

D0 10350 P=i,)

IPindedep

1P2udesnp

1P3uSedop

IP4m6o40p
WRITE(IP2,2001)CT,ET,3L(P), (BLIX,P), m1,NB)
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2453
246
247
248
249
a%0
2514
232
253
23%4
2ss
256
257
298
2%9
260
263
262
26)
64
268
266
267
269
269
270
274
272
273
274
273
276
277
278
279
200
281
202
283
294
288
2086
287
ri 1)
299
290
291
292
293
294
298
296
297
298
299
300
3ot
Joa
3ol
304
Jos

1050
108

107

110

118
120

124

128

130
132

136

140

WRITE(IPI,2000)CT,SL(P),(BL(I,P), 1w}, NB)
WRITE(IP4,2001)CT,ET,SR(P),(BS(I,P),I=i,NB)
WRITE(IP),2020)CT

CONTINUE

GO TO 9000

CONTINUE

00 107 1=2,NTC(P)

0T(1e1,P)mDT(L,P)

DC(I=1,P)=OC(I,¥)

CONTINUE

TE(NB1,P)mDT(L,P)

NTC(P)SNTC(P)=1

NIC(P)BNIC(P)e]

IF(SL(P)LE.MES(P)+,01)G0 TO 120
SR(P)sMD(P)

pO 110 Imi,NB

BS(1,P)sBIG(I)*BR(I,P)

TECI,P)®1E9

CONTINUE
IF(SROLDNE.SR(P))WRITECIP4,2008)CT,ET,SR(P),(BS(I,P),In1,NB)
IF(SL(P).GT.MSCL{P))IGO TO 115

SFN1m0,

GO TO 140

SFM18SL(P)=MSC(P)

GO TO 140

CONTINUE

SFMim0,

SRT®(SL(P)=MCS(P))/(DT(1,P)eCT)
IF(SRT,LT,MU(P))GO TO 129

SR(PI=aMD(P)

DO 124 Imi,NB

BS(I,P)mBIG(Z)*BR(I,P)

TECI,P)SIE9

CONTINUE

IF(SROLD NE,SR(P))WRITE{IP4,2001)CT,ET,SR(P),(BS(I,P),In,NB)
GO TO {40

SR(P)=aSRT

SRP(PINSR(P)=HOK(P)

MOP(P)SMD(P)=MDR(P)

IF(SRP(P),GE,0,)G0 TO 132

ETw?

DO 130 Pmg,

IPIn3e4rP

I1P28444%P

IP3nS+4sP

IP4m6+4SP

WRITE(IP1,2019)CT,PN(JP)
WRITE(1P2,2001)CT,ET,SLIP), (BL(I,P),Im1,NB)
WRITE(IPI,2000)TT,SL(P),(BL(I,P),1n1,NB)
WRITE(IP4,2001)CT,ET,SR(P),(BS(X,P),IN1,NB)
CONTINUE

GO TO 9000

CALL ALLOC(P)

00 136 Isg,NB

IF(BIG(LI),Eu,0)00 TO 136
BSCI,P)aBR(I,P)=*WB(I)*(NDP(P)=BRP(P))
CONTINUE
IF(SROLD,NE.SRC(P))WRITECIP4,2001)CT,ET,8R(P), (8S(I,P),In1,N8)
CALL NEXTEV(P)

GO T0 180

STM2SAMAXS (0, 8L (P)=BR(P)IP(DT(1,P)=CT)=MHCS(P))
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306
307
3os
309
310
E18}
312
313
314
13
116
1?7
ERY |
319
320
LY 3
32
323
324
328
326
27
E¥1
329
330
In
332
3133
334
338
336
337
338
339
340
Jas
342
3a3
344
348
346
347
348
349
380
st
3s2
333
ise
3ss
336
3s7
ass
is9
360
k13
362
363
364
363
J&s

annn

1435

150
180

18%

190

200

20)

205

210

213

219

SruaSrMg+SFM2

IF(8rM,LE,0.,)G0 TU 180

DO 148 I=i,NB

IF(SE(I,P),NE.QIGU YO 150
CONTINUL

GO T0 180

CALL SHTFAL(P)

CONTINUE

Ir(SL(P) GT.MES(P)+,01)60 TO 188
ESP(P)m}

SE(NBL,P)mt

TE(NBY,P)uDT(1,¥)
WRITE(IP2,2001)CT,ET,SL(P), (BL(I,P),I¥1,NB)
GO0 10 so

ESP(P)m0

SLTESL(P)
SL(P)RAVINL(SLT,MSC(P))
WRITE(IP2,2001)CT,ET,SL(P),(BL(I,P),181,NB)
TENRCT+ (SL(P)=MES(P)) /SR(P)
IFCTEN, LT,DT(L,P))GO TO 190
SE(NBY,P)ml

TE(NBS,P)80T(1,P)

GO T0 SO

S8E(NB),P)=2

TE(NBYL,P)nTEN

GO TO SO

PROCESS THE ISP DIPPING INTO EMERGENCY SUPPLIES

WRITE(IPL,2012)4T

SROLD&SR(P)
IF(SL(P).LT,MES(P)=,01)GO TO 203
IF(SL(P),LT,MES{P)+,01)G0 TO 208
WRITE(1P1,2021)CT,PN(P)

GO TO 9000
SRIB(SL(P)=MCS(P))/(DT(L,P)=CT)
ESP(P)s}

IF(SAT,LT,MD(P))IGU TO 240
TECNBL,P)=0T(L,P)

SE(NBY,P)s1

GO TO %0

SR{P)s3SRT

SRP(P)NSR(P)=NDK(P)
MDP(P)uMD(P)=MDK(P)
IF(SRP(P),GE,0,)G0 TO 220

ETn7

DO 212 I=i,NB

BA(1,P)m0,

CONTINUE

JPmpP

DO 218 Pwi,d

IPLa3eqep

IP2m4e4sP

IP3useqep

IPARG 48P
WRITECIPL,2019)CT,PN(JP)
WRITE(IP2,2001)CT,ET,8L(P), (BL(I,P),I®1,NB)
WRITE(1P3,2000)CT,8L(P),(BLCI,P),181,NB)
WRITE(IP4,2001)C7,E7,8R(P)Y, (BS(I,P),181,NB)
CONTINUE

G0 T0 9000
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3167
89
369
370
3N
72
373
374
718
376
377
3718
379
380
et
382
ELE)
384
3es
396
387
g8
389
390
39
392
393
394
398
396
397
398
399
400
4014
402
403
404
408
406
407
408
409
410
411
412
4413
414
418
416
417
414
419
420
421
422
423
42¢
423
426
427

ann

aaan

220

22%

300

3os

310

320

400

403
408

406

409

CALL ALLOC(P)

DO 2235 Isi,NB

IF(BIG(I).EQ,0)40 TO 228
BS(I,P)nBR(L,P)=WB(I)*(MDP(P)=SRP(P))
CONTINUE
WRITE(IP4,2001)CT,ET,SR(P),(BS(L,P),Int, NB)
TE(NBL,P)aDT(1,P)

SE(NB1,P)ag

CALL NEXTEV(P)

GO 10 SO :

PROCESS USER IUFPLY LEVEL FALLING BELOW SAFETY LEVEL

WRITE(IP1,2013)CT,JE

BSOLD®BS(JE,P)
IF(BL(JE,P) LT, BSL(JE,P)=,01)G0 TO 308
IF(ALCJE,P) LT BSLCJE,P)+,01)GO TO 310
WRITE(IP1,2022)CT,JE,PNCP)

GO TQ 9000

BPCJE,P)nt,

SE(JE,P)s4

CALL ALLOC(P)

DO 320 I=1,n8

IF(B8IG(I),EG,0)G0 TO 320
BSCI,P)=BR(I,P)SWB(I)S(MOP(P)=SRP(P))
CONTINUE
IF(BSOLD,NE,BS(JE,P))WRITE(1P4,2001)CT,ET,SR(P), (BS(I,P),Is1,NB)
CALL NEXTEV(P)

GO 10 50

PROCESS USER SUPPLY LEVEL REACHING CRITICAL LEVEL

CONTINUE

Iumy

IF(BL(JE,P) LT ,BCLCJE,P)=,04)G0 TO 403
IF(BLCJE,P) LT BCLC(JE,P)+,01)GO TO 408
WRITE(1P1,2023)¢T,JE,PN(P)

GO TO 9000

BIG(JE) =0

DO 499 Pwi,J

BL(JE,P)ne0,

MDOLOSMD(P)

SROLOSSR(P)

IP18344%P

1P2u4e4P

IP3InSeqep

IP4RG+42P

WRITECIP1,2014)CT,JE,PN(JP)
IF(P,E0.JP)GO TO 409

DO 406 Imi,nB
BL(T,P)RBL(L,P)*"BIG(I)S(BR(I,P)=BS{I,P))IS(CT=TLE(P))
CONTINUE

SL(P)nSL(P)=8R(P)S(CT=TLE(P))
WRITE(IP2,2001)CT,ET,8L(P),(BL(L,P),In),NB)
TLE(P)®CT

MD(P)WMO(P)=BR(JE,P)
MDP(P)IBMD(P ) =MDK(P)
SRP(P)SSR(P)aMDR(P)

CLOLOSCL(P)

BS(JL,P)=0,

BRCJE,P)=0,
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4238
429
430
431
432
433
434
438
436
437
439
439
440
441
442
443
444
448
446
447
449
449
450
451
452
453
454
455
436
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
473
476
477
476
479
480
401
402
483
404
493
496
497
408

SE(JE,P)=0

TE(JE,P)®IEY

DO 410 Imi,NB

IF(BIG(I).Eu,1)G0 TO 420
410 CONTINUE

ETa?

JPaP

DO 416 1IPs},d

IFCIP.EQ,JPIGU TO 412

DO 412 [=§,NB

BLCI,IP)SBL(I,IP)=(BR(1,IP)=BS(1,IP))*(CT=TLE(IP))

412 CONTINUE
SLC(IP)aSL(IF)=SH(IP)$(CT=TLE(IP))

413 IP1ndedsIp
IP2=4+4]IP
IP3mSe4s1p
IP4A=6+4*IP
WRITE(IP1,2018)CT
¥RITE(1P2,2001)CT,ET,SL(IP),(BL(I,IP),In1,NB)
wRITE(IP3,2000)CT,SLIIP),(BL(I,IP),In1, NB)
WRITECIP4,2001)CT,ET,SR(1P),(BS(I,IP),121,NB)

416 CONTINUE
GO TO 9000

420 IF(P,NE.JP)GO TV 561
IF(SR(P),GE.MU(¥))IGa TO 430
CALL ALLOC(P)

DO 425 Isi,NB
IF(BIGCI),EWU,0)G0 TO 425
BS(I,P)SBR(I,P)*WB(I)$(MOP(P)=BRP(P))

425 CONTINUE
WRITEC1PA4,2001)LT,ET,SR(P),(BSCI,P),151,N8)
CALL NEXTEV(P)

GO TO 480

430 DO 435 Iwi,nNB
BS(I,P}eBIG(1)SBR(I,P)

TE(I,P)=1E9

43S CONTINUE
SR(P)=MD(P)
WRITE(1P4,2001)CT,ET,SR(P),(BS(L,P),Is1,N8B)
IF(SRP(P) . EQ,MDP(P))IGO TO 480
SFMu(SRP(P)=MOP(P))*(DT(1,P)=CT)

CALL SHTFAL(P)
WRITE(IP2,2001)CT,ET,8L(P), (BL(L,P),I81,NB)

480 IF(NIC(P),NE,0)G0 TO 498
WRITE(IP1,2024)CT,PN(P)

GO TO 9000
495 TEMSCT4CLOLD®(14/SPR(P)+1,/SCL(P)¢1,/M8U(P)) ¢
1 MSD(P)/(24,%5CS(P))+MOT(P)
IFC(OT(NIC(P),P).GT,TEN)GO TO 492
NIC1=NIC(P)+1
DO 490 JmNICL,NIC(P)
IF(DT(J,P),GE,TLMIGD 10O 492
NICCPI®NIC(P) ¢}

490 CONTINUE

492 CALL REVISE(P)
NTC(P)BNIC(P)+NC(P) o1
NCiSNC(P)+1
DO 493 Js1,NC1
DT(NIC(P)+J,P)RDTINIC(P),P)+J*TR(P)
DCINIC(P)*J,P)uCL(P)

493 CONTINUE
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489
490
491
492
493
494
498
496
497
498
499
500
501
502
503
504
508
506
s07
508
509
510
S14
$12
513
514
515
516
517
518
$19
520
$21
522
523
524
928
526
527
520
529
530
$31
532
$33
534
53S
536
537
538
539
540
541
542
543
544
543
546
547
S48
549

aan

494

498
496

4790
497

498

4990
499

500

501
502
5020
503

5030
S04

1J=0

IF(NCD,GT,NOC)GU TO 498
KaNCO

DO 493 Jak,n0C
IFPICUNCJ) B4, JEIGD TO 496
1Jsi

CONTINUE

GO TD 498

NOCENDCed
IF¢J,GT,NOC)GO TO 498
DO 497 JJ=J,NOC
CUNCJJ)SCUN(JJ*1)
TC(JJ)8TC(JJ+l)

DO 4790 1IPsi,3
CUD(JJ,IP)sCUD(JJ+1,1P)
CUP(JJ,IP)SCUP(JUJ+1,1P)
CONTINUE

CONTINUE

KeJ

GO TO 494

CONTINUE

TEMI{®={E9

IF(IJ . NE,O)TENISTC(NCO)
DO 4990 1P=i,3
TE(NB2,IP)=TEM]
CONTINUE

IWs0

GO TO SO

PROCESS CONTINGENCY EVENT

JEsCUN(NCO)

IC=ICet

MDOLD=MOC(P)

SROLOuSR(P)
MD(P)aMD(P)=BR(VE,P)+CUD(NCO,P)
BR(JE,P)=CUD(NCU,P)
BPOLO=BIP(JE,P)
BIP(JE,PISCUP(NLO,P)
1IF(SE(JE,P) NE,4)BP(JE,P)sBIP(JL,P)
TE(NB2,P)®1EY
IF(IC,NE,I)GO TU 504

IC=0

NCOSNCOe}

NCOt1eNCO

IF(NCO1,GT,NOC)LO TO 503
DO 503 N=®NCOD1,NUC
JTRCUN(N)

IF(BIG(JT) NE,0)GD TO 502
NCOSNCO+1

CONTINUE

IF(NCO,GT,NOCIGU TO 503

DO %020 KP=1,3
TE(NB2,KP)STIC(NLD)
CONTINUE

GO TO S04

DO %5030 KPsi,d
TE(NB2,KP)SLEY

CONTINUE

CLOLOaCL(P)
IF(MO(P)=MDOLD)%60,5%0,520
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sso
5351
$52
553
354
385
356
337
388
559
560
561
562
563
564
568
366
567
S68
569
370
$7%
372
373
574
378
3576
577
$78
579
580
S8t
582
$83
s8¢
585
586
3587
88
3589
3590
391
392
3593
594
399
596
397
398
399
600
601
602
603
604
608
606
607
608
609
610

$20 CALL REVISE(P)
WRITE(1P1,2015)CT,JE
WRITE(1P2,2001)CT,ET,SL(P),(BL(I,P),131,NB)
IFCESP(P).NEL0)GO TO 542
SR(P)aMD(P)
BS(JE,P)®BR(JE,V)
WRITE(IP4,2001)CT,ET,SR(P),(BS8(1,P),In1,NB)
$22 CONTINUE
TFARCT4SCC(PI®(1,/SPR(P)*1,/SCLIP)¢1./MSU(P)) o
1 MSD(P)/(24,35C8(P))+MOT(P)
NIC(P)=0
TEMRCT4CLOLOB(1e/SPR(PI+1,/SCLIP)+1./MSU(P)) ¢
1 “SD(P)/(24,%5CS(P))+MOT(P)
DO 528 J=1 ,NTC(¥)
IF(DT(J,P),GE.TEMIGD TO 526
NTIC(PISNIC(P)*}
528 CONTINUE
526 TSASOT(NIC(P)+1,P)
CLPROC(NIC(P)+1,P)
CARECLP+(MD{P)=MDULD) *(TSA=CT)
TEMR(CAR=MD(P)®(TSA=TFA))/SCCIP)
ITEMSINT(TER)
REUNTEMe} , ¢ ITEM
IF(REM,GT,0,) (TEMSITENS
TLARTSA=(CAR=ITEMSSCC(P))/MD(P)
IF(REN,GT,0,)G0 TO $29
DO 528 J=i,ITEM
DTINIC(P)+J,P)mLiFAe(Je1)%,001
DC(NIC(P)+J,P)35CC(P)
$28 CONTINUE
NIC(P)BNIC(P)+[TEN
GO TO 536
529 IF(ITEM,GT.1)GO TU 531
IF(NIC(P),EW,0)40 TO 530
TLeDT(NIC(P),P)
GO TO 533
$30 TLECTe(WSC(P)=8L(P))I/KD(P)
GO TO %33
533 ITI=ITEMe}
DO 532 Jsi,IT]
DT(NIC(P)+J,P)nTFA+(Jul)®, 001
DCINIC(P)+J,P)=5CC(P)
532 CONTINUE
TLSTFA
533 IF(CTLA=TL)GE,TR(P))GD TO S3&
DT(NIC(P)+ITEM,P)sTLA
DC(NIC(P)SITEM,P)uSCC(P)
GO TD 818
534 TEMSAMAX1(TL+TR{P),TFA)
DT(NIC(P)+ITEM,F)STEN
DC(NIC(P)SITEM,P)BSCC(P)eMD(P)IS(TLA=TEN)
535 NIC(P)=NIC(P)+ITEM
$36 NC1sNC(P)+)
DO 537 Jmi,NC)
DT(NICC(P)+J,P)SUT(NICCP),P)+JsTR(P)
DCINIC(P)*J,P)aCL(P)
537 CONTINUE
NTCC(P)SNIC(P)+NC(P)+1
IF(ESP(P),EW,3)00 TD 539
TEMSCT+(SL(P)=KES(P))/MD(P)
IF(TEM,.GE,DT(1,P))GO TO S38
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611
612
613
614
615
616
617
618
619
620
621
622
623
624
628
626
627
628
629
630
631
632
633
634
638
636
637
638
639
640
641
642
643
644
6453
646
647
648
649
650
651
652
653
654
655
656
657
638
659
660
661
662
663
664
665
666
667
668
669
670
671

SE(NB1,P)®=2
TE(NB1,P)sTEN
GO TO 50

538 SE(NB1,P)si
TE(NB1,P)®DI(1,P)

GO TO 80

$39 SE(NBL,P)ml
TE(NB1,P)=DT(1,P)

G0 TO 80

542 SRT®(SL(P)=MCS(P))/(DT(1,P)aCT)
IF(SRT,LT,M0(P))GU TO 545
SR(P)=MD(P)

BS(JE,P)ABR(JE,P)
WRITE(IP4,2001)CT,ET,SR(P),(BS(I,P),1%1,NB)
GO TO 522

545 SR(P)aSRT
SRP(P)=SR(P)=MOK(P)

MDP(P)=MD(P)=MDK(P)

CALL ALLOC(P)

DO 548 Isi,NB

IF(BIG(I).EQ,U)U0 TD 548
BS(1,P)=BR(I,P)=WB(X)*(MDP(P)=SRP(P))

548 CONTINUE
WRITE(IP4,2003)CT,ET,SR(P),(BS(I,P),Is1,NB)
CALL NEXTEV(P)

Go TO $22

550 IF(BIP(JE,P),EQ.BPOLD)GO TQ 50
WRITE(IP1,2019)CT,JE
WRITE(IP2,2001)CT,ET,SL(P),(BL(I,P),I®1,NB)
IF(ESP(P),EV,0)60 TO 50O
IF(SR(P),EQ.ND(P))GO TO S0
IF(SE(JE,P).EQ,4)GO TO 50O
SRP(P)SSR(P)=MDK(P)

MOP(P)SMD(P)MDR(P)

CALL ALLOC(P)

00 555 Isi,NB

IF(BIG(I),EW,0)60 TO 558
BS(I,P)SBR(I,P)=wB(I)*(MDP(P)=SRP(P))

$55 CONTINUE
WRITE(1P4,2001)CT,ET,SR(P),(B3(I,P),Is1,NB)
CALL NEXTEV(P)

GO TQ S0

560 CONTINUE
WRITE(IP1,2015)CT,JE

561 CALL REVISE(P)
WRITE(IP2,2003)CT,ET,5L(P),(BL(I,P),151,NB)
IFCESP(P) NE,0)G0 TO 588
SR(P)sMD(P)

BS(JE,P)mBR(JE,V)
WRITE(1P4,2001)CT,ET,8R(P),(BS(I,P),I81,NB)

562 CONTINUE
NIC(P)=0
TEMSCT+CLOLUS(1+/3PR(P)¢1,/8CLIP)+1.,/M8U(P)) +

H MSD(P)/(24,*5CS(P))+NOT(P)
DO 564 Jwi,NTC(P)
IF(DT(J,P).GE,TLM)GD TO 363
NIC(P)mNIC(P)+1

564 CONTINUE

65 IF(NIC(P).EU,0)G0 TQ 566
TLEDT(NIC(P),P)

TNBOT(NIC(P)+§,V)

-




672
673
674
678
676
677
678
679
680
691
682
683
684
685
686
687
688
689
690
691
692
693
694
693
696
697
698
699
700
701
702
703
704
708
706
707
708
709
710
711
712
713
714
718
716
17
718
719
720
721
722
723
724
728
726
127
720
729
730
734
732

566

572 TFAB(CT+(SCC(P)=TPASMD(P))S(1,/5PR(P)+1,/8CL(P)+1./MSU(P))
MSD(P)/(24,%3CS(P))+MOT(P))

2 /(1.=MD(P)*(1,7SPR(P)+1,/8CL(P)*1,/NSUCP)))

IFC(TFA=TL) .GT,TR(P)IGD TQ 574

1

574
580

582

584

887

599

CLIaDC(NIC(P)+1,P)

GO TO 568

TL=CT

TN=DT(1,P)

CLI=sDC(1,P)
NIC(P)SNIC(P)+l
DELTuTNeTL
SOFs(MDOLD=MO(P))SDELT

IFC(NIC(P) EQ, 1) 2LaCTe(MSC(P)=SL(P))/ND(P)

TPARTN+(SOF+5CC(P)=CLI)/MD(P)

IF((TPA=TL).GT,IR(P))GO TO %72

DTCNIC(P),P)nTPA
DCCNIC(P),P)asSCC(P)
GO TO %80

DTCNIC(P),P)STL*TR(P)

DC(NIC(P),P)nSCC(P)=(TPA=TR(P)=TL)SND(P)

GO TO S80
DT(NIC(P),P)aTFA

DC(NIC(P),P)aSCC(P)«(TPA=TFA)*MD(P)

NC1aNC(P)+4
NTC(P)aNIC(P)+NC(P)+}
DO 582 J=mi,NCh

DT(NIC(P)+J,P)=LT(NIC(P),P)+J*TR(P)

DC(NIC(P)+J,P)sCL(P)
CONTINUE

IF(ESP(P),NE,0)GO TO 584
TEMSCT+(SL(P)=MES(P))/ND(P)
IF(TEN,GE,DT(1,P))GO TO 584

SE(NB1,P)=2
TE(NB1,P)aTEM
IFCIN,EQ.1)GO TU 499
GO T0 %0

SE(NBL,P)u1
TE(NB1,P)=DT(L,P)
IFCIW,EQ.1)GO TU 499
GO TO %0

SRIN(SL(P)=MCS(P))/(DT(1,P)=CT)

IF(8R(P) GE.MUOLD)GO TO S90
IF(SRT,GE,MO0(P))GO TO 3589

SR(P)RSRT
SRP(P)aSR(P)=MDN(P)
MDP(P)3MD(P)=MDR(P)
CALL ALLOC(P)
DO %97 Iai,NB

IF(BIG(I) EW,0)G0 TO S87

BS(I,P)=BR(I,P)°WH(T)S(MDP(P)=SRP(P))

CONTINUE

WRITE(IP4,2001)CT,ET,SR(P),(BSCI,P),In1,NB)

CALL NEXTEV(P)

GO TO s62

DO 389 I=y,NB
8S(1,P)®BIG(I)SHUR(I,P)
TECI,P)I®L1EY

CONTINUE

IF(8RT,GT,MU(P))GO TO $90

SR(P)uMO(P)
BS(JE,P)uBR(JE,P)
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733 WRITE(IP4,2001)CT,ET,3R(P),(BS(I,P),I51,NB) p
734 GO 10 562 ]
738 390 SR(P)mMD(P)
736 BS(JE,P)SBR(JE,P)
737 WRITE(IP4,2001)CT,ET,SRCP),(BS(I,P),In1,NB) 3
738 SFMm(SRT=SR(P))#(DT(1,P)=CT) i
739
740 DO 592 Iwy,NB !
741 IF(SECI,P),NEL,0)GO TO 398
742 592 CONTINUE
743 GO TO S62
A 744 595 CALL SHTFAL(P) 3
T 745 WRITE(IP2,2001)CT,ET,SL(P),(BL(I,P),IS1,NB) !
746 G0 TO $62 -
747 €
748 € PROCESS SCHEDULED PRINT OUT
749 c ;
750 600 TE(NB3,P)uCT+IP ;
781
792 IF(TECNB3,P) ,LT+TOURIGO TO 610
753 TE(NBI,P)=TDUR
754 SE(NB3,P)u7
758 610 WRITE(IP3,2000)CT,SL(P),(BL(I,P),In1,NB)
756 GO T 50
757 ¢€
7% € PROCESS SCHEDULED RUN TERMINATION
_ %9 ¢
' 760 700 DO 710 P=i,3
761 1Plad+4sP
762 IP2n4+ 43P
763 Ip3ImSeqsp
764 IP4B6+48P
765 IF(P,EQ,JP)GQ TV 708
766 DO 702 Is1,NB
767 8L(I,P)3BL(L,P)~(BR(I,P)=BS(I,P))*(CT=TLE(P))
768 702 CONTINUE ]
769 SULCP)®SL(P)“SR(P)*(CT=TLE(P))
770 WRITECIP2,2001)CT,ET,SL(P), (BL(I,P),I=1,NB)
774 708 WRITE(IP1,2017)C7
712 WRITE(1P),2000)CT,8L(P), (BL(I,P),In1,NB)
773 WRITE(LIP4,2001)CT,ET,SR(P),(BS(X,P),I=1,N8)
774 710 CONTINUE
778 GO TO 9000
776 900 WRITE(IP1,202%)

711 9000 CONTINUE
778 C s#s#3COPY OUTPUT FILES IN SEQUENCE TO OUTPUTS*#2ss

779 REWIND §

780 REWIND 9

791 REWIND 10

702 REWIND 11

783 REWIND 12

794 REWIND 13

788 REWIND 14

786 REWIND 19

707 REWIND 16

788 REWIND 17

789 REWIND 18

790 9100 READ(9,100%,ERR®9200,END®9200) (MK(K),K=1,132)
791 WRITE(7,100%5)(MR(K),Ke1,132)
792 GO TO 9100

793 9200 READ(9,1005,LRRE9300,ENDS93I00) (MK(K) ,Ke1,132)
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794
798
796
797
798
799
800
801
802
803
804
803
906
807
808
909
810
811
012
813
814
818
916
917
818
819
820
8214
922
823
824
825
826
827
828
829
830
831
832
833
934
038
836
837
a3s
939
840
041
042
843
044
045
146
47
840
049
0s0
st
082
883
54

9300

9400

9401

9402

9403

9404

9406

9407

9900

10

a0

WRITE(7,1005)(MA(K),Ke1,132)

GO T0 9200
READC10,1003,ERN=9400,END=9400) (MK(K) ,K=1,132)
WRITE(7,1005) (MA(K),K81,132)

GO T0 9300
READ(11,1005,ERR29401,END=9401) (NK(K) ,Ku1,132)
WRITE(7,1005) (MK (K),Km1,132)

GO T3 9400

READ(12,1005,ERK=29402,ENDN9402) (MK (X) ,K=1,132) {
WRITE(7,1005) (MK(K),K83,132)

GO TO 9401
READ(13,1005,ERH=9403,END=9403) (NK(K) ,Kn1,132) J
#RITE(7,1005) (MK(K),Ka1,132) 1
GO TO 9402
READC14,1005,ERN9404,ENDR9404) (MK(K) ,Kn},132)
WRITE(7,1005) (MK(K) ,K=1,132)

Go TO 9403

READ(185,1005,ERNN940S,ENDE940S) (NK(K) ,K=1,132) ﬂ

WRITE(7,1005) (MK(K),Kn1,132)

GO TO 9404
READ(16,1005,ERNR9406,END29406) (MK(K) ,K=1,132)
JRITE(7,1005) (MK(K),K83,132)

GO TO 9405

READC17,1005,ERN=9407,ENDR9407) (NK(K),K=1,132)
WRITE(7,1005) (MK(K),Ks1,132) 1
GO TO 9406

READ(18,1005,ERK=9900,ENDR9900) (MK(K),Ks1,132)
WRITE(7,1005) (MR(K),Kn1,132)

GO TO 9407

sTOP

END

SUBROUTINE REVISE(P)

COMMON /BLOGCK1/ TCM,M3C(3),MES(3),ND(3),8CC(I),TR(I),
cL(3),TCY(J),TCP,8PR(3),SCL(Y),
NSU(3),NCC()

REAL  MD,NSC,M5U,MES

INTEGER P

TCHS(MSC(PI=MES(P) ) /MO(P)

TEM®SCC(P)/MD(P]

IF(TEN,GT,TCNIGU TO 10

TR(P)=TEM -

CL(P)uSCC(P)

TCPETCY(P)

GO0 TO 20

TR(P)=TCN

CL(P)STR(P)*MO(P)

TCPETCY(P)=(SCC(PI=CL(P))*(1,/SPR(P)+1,/8CL(P)+1,/MSU(P))

TEVRICP/TR(P)

NC(P)SINT(TEN)

RE¥sTEM] , SNC(P)

IP(REN,GT,0.)NC(PINNCIP) o1

RETURN

£ND

SUBROUTINE NEXTEV(P)

COMMON /BLOCK2/ NB,BIG(10),8E(13,3),TE(13,3),8L(10,3),88L(10,)),
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8ss
856
887
858
839
260
861
862
863
864
868
866
67
868
869
870
874
872
873
874
878
876
877
878
879
880
881
882
883
884
8es
886
887
8e9
889
990
891
892
893
894
898
896
897
898
899
900
9014
902
903
904
90S
906
907
908
909
910
911
912
913
914
918

1 BML(30,3),B80L(10,3),BR(10,3),BIR(10,3),B8(10,3),8P(10,3),
2 8IP(10,3),%8(10),8L(3),3rM,CT
INTEGER SE,BIG,P
DO 10 Ist,NB
IF(BIG(I),EQ,0)60 TO 10
IF(SE(X,P),EQ.4JG0 TO S
SE(1,P)8)
r:t;ap)-crogabtg,r)-asbtt.?))/(aatl.r)-astl.r))
GO 10
S TECI,P)esCT+(BL(L,P)=BCL(X,P))/(BR(L,P)=B3(L,P))
10 CONTINUE
RETURN
END
SUBROUTINE ALLOC(P)
COMMON /BLOCK2/ NB,BIG(10),SE(13,3),TE(13,3),B8L(10,3),8SL(10,3),
1 BML(10,3),BCL(30,3),8R(10,3),RIR(!0,3),B8(10,3),8P(10,3),
2 BIP(10,3),%8(10),8L(3),8FN,CT
INTEGER SE,BiG,P
DIMENSION 8(10)
PROS1,
DO 10 Isi,NB
1F(BIG(I).EQ,0)u0 TO 10
B(I)=8P(1,P)/BR{I,P)
PROSPROSB(I)
10 CONTINUE
SUM=nO,
DO 20 1si,NB
IF(BIG(I),EU,0)60 TO 20
WB(T)=PRO/B(I)
Suns suvewa{I)
20 CONTINUE
DO 30 Isi,NB
IF(BIG(I).EQ,0)40 TO 30
WBCI)=WB(I)/SUM
30 CONTINUE
RETURN
END
SUBROUTINE SHIFAL(P)
COMMON /BLOCK2/ NB,B1G(10),3£(13,3),TE(13,3),B8L(10,3),B8L(10,3),
1 BML($0,3),BCL(10,3),BR(10,3),BIR(10,3),B8(10,3),8P(10,3),
2 8IP(10,3),#8(10),8L(3),SFN,CT
INTEGER SE,BIG,P
DIMENSION SF(10)
00 10 131,88
IF(BIG(1),EQ,0)C0 TO 10
IP(SE(I,P).LQ@.4JG0 TO 20
10 CONTINUE
GO T0 80
20 ssrao,
D0_30 1m=4,Nd
1F(SE(I,P).NEL.4)GO TO 29
SF(I)sASL(I,P)=dL(I,P)
SSPassresF(l)
GO0 T0 30
29 8r(1)=o0,
30 CONTINUE
IP(SFM,GE,SSF)GY TO SO
DO 43 1si,NB
BL(Z,P)SBL(I,P)+8F (1) *8FN/SSF
43 CONTINUE
SL(P)=8L(P)=8FN




916
917
918
919
920
921
922
923
924
923
926
927
926
929
930
931
932
933
934
938
936
9317
938
939
940
941
942
943
944
9453
946
947
948
949
950
951

50

60

70
80

L1]
90

110
120

130

RETURN

DO 60 Isi, NS
I7(SF(1),EG.0.)60 TO 60
BL(I,P)sBSL(I,P]
SFu=SFMeSF({)
SL(P)sSL(P)=8F(4)
CONTINUE
IF(SFY,LE,0.)RETURN

DO 70 Isi,N®

17 (SE(I,P),NEL4)GC TO 70
sE(1,P)e)d
BP(I,P)eBIP(I,P)
CONTINUE

ssr=o0,

DO 90 I=i,NB
IF(SE(I,P),NE.I)GO TO 85
SF(I)mBML(I,P)=bL(I,P)
SSFasSresr(l)

GO T0 90

Sr(1)so0,

CONTINUE
IF(SPN,LT,SSFIGU T0 120
0O 110 Img,NB
IF(SF(1).EQ,0,)60 TO 110
BL(X,P)SBNLI(I,P)
SE(1,P)=0
SL(P)SSL(P)=SF(L)
CONTINUE

RETURN

DO 130 Imi,NB
IF(BIG(I),E4,0)40 TO 130
BL(L,P)®BL(I,P)#SF(1)sSFM/SSP
CONTINUE

SL(P)sSL(P)=8FN

RETURN

END
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